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Foreword to translation of TFCHNIQUE OF MARROW NAILING | 
by . 
KUENTSCHER = MAATZ 


MAATZ, ‘wa it appears was the author was junior to KUPNTS( 
at Kiel, MAATZ is said to have been educated as an engineer © 
befere he studied medicine, The multiplicity of ideas and mo 
cations of the basic concept of the nail have been cited a 

evidence of his engineering background, Certainly in the Un 
tates he would be spoken of as a"gadgeteer", Without doubt 
a: a capable. surgeon and qualified to have his Rem ROE 


Ay ‘The personality of Sere people couta not be more spawelee 
aaa MAATZ the tense, alert extrovert vith rapid fire reac’ 


_KUINTSCHFR the shy it vag introvert, self deprecati: 
One- canr ot escape the 


7 The ubdivation of this booklet was delayed from 1942 un 

1944 becausé of a government restriction on paper. In late 
4 an edition of 1000 copies was authorized, apovromimately 

f of these'ha® been distributed at the end of the war, Th 
of the other copies and the plates in Leipzig is nok Se 


‘There has been no practical way of reproducing the cis 
ons &n the original text, Since many were explained by | 
drawings these have been traced, Some have been omitted 
ly as unnecessary or not suitable for reproduction with 
Pirties at hand, the important details being lost eS 
on a = das he stencilj ) 
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PREFACE 


The idea that a fracture may be held in good position un- 
til healed by introducing foreign bodies into the marrow cavity 
is not new, Metal wires and pins and even ivory bolts have been. 
: used for this purpose, Without an exposure of the broken ends 
' and the associated danger of infcction the introduction of the 
_ above mentioned foreign bodies could not be accomplished, 


The essential feature of KUFNTSCHFR!gs method is the intro- 
duction of a foreign body from a place apart from the fracture ee 
site. In this it differs essentially from all other methods of i 
operative treatment of compound fractures. Through the use of 
Ea specially shaped, very stable, properly constructed, nail- 

' like splint, which forges an elastic union with the inner surface 

: of the marrow cavity, the greatest possible stability of the Aa 
| fracture shovld be achieved, so that a further support by plaster | 
" cast or traction apparatus is not required, By this the disad= Ob 
' vantage of a prolonged immobility of the limbs is avoided, , ay 


KUFNTSCHER has extended the principle of the nailing of the aa 
neck of the femur (SMITH-PETFRSEN) to the shaft of bones, ‘a 


! That KUFNTSCHER!s method was at first generally disapproved 
— of when he announced it at the Surrical Congress in Berlin, is ‘ 
understandable, This disapproval only confirms the conscientious- © 
ness of the German Surgeons, Above all they were concerned that 3 
the introduction of such a large foreign body into the marrow | 
cavity of a bone might be harmful to the patient, I hid the 
_ same apprehension myself, when KU"NTSCHER expounded his idea to 
© me for the first time even after the results of animal experi- — Ri, 
ments were known, This "instinctive" apprehension was not sub- ‘ba 
stantiated, Subseauently no undesirable result was observed in 
humans in the marrow cavity or elsewhere, 


The method has now been adopted in numerous clinics and 
hospitals, It is now being constantly developed, In different 
- places, not only with us at the clinic in Kiel, surgeons try to 
_ perfect the construction of the instruments, improve the pro- 
_ tection of the doctor from X-rays, and the form of the nail, 

- Besides all these technical matters there is constantly the 

- ouestion of the indications, Gradually it can be ascertained 

_ which fractures are suitable, which are less suitable and which 
>» are entirely unsuita>le for nailing; for which type of fracture 
in Spite of the nail, a cast is still recuired, which fracture 
can be subjected to weight-bearing early and which one late, 


All these mattcrs are still under investigation, To all aut 
surgeons now engaged in the nailing operation or to those who | 
» intend to practice it later on this treatise should be a help. 

a It was written to make them acquainted with the present state of 
- our knewledge and besices this .to point out the threatening 
- mistakes. I would like to point out here that only the most 

skilled surgeons acquainted with the treatment of fractures, Rea: 
_ should be allowed to "nail" and even then only when having a oe 
_ complete armamentarium at their disposal. The nailing operation 
_ requires the greatest t-chnical skill, 
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ea | aif id this, book Goodnspeed, 
inged that. at rill make its own way, 


A, 


: ae we ee aptctia. toy: ees ~ieas ON the 

) lescription of the marrow nail operation, However, 
sion to publish the treatise was not given, ‘When these _ 
“difficulties had been overcome gia cas lapse of a year, oo 


Ceieee reasons. apne publication of this Pais was ee ‘a 
layed. Unfortunately we are also not ina position to print an 
ex to this treatise with a short summary of the results we | 
ave had in the meantime, for, more than 500 nailing operations 
ave been performed since this work was written of which about _ 
00 have been done at the Kiel clinic and the rest in the fiel 
vin station hospitals, © | 7 
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ch more, It is not possible es present to get all the instru- 
nts. shan ee in this book because their construction had to. 


Never thelens Ae 


his the sthene 
oes needed can is replaced and are not ae res Ue 
ed, i s 


eeery beginner is argent ly nile gitnd sid to use at *irst only 
1e strict. indications and to start only with the nailine of the © 
ost suitable fractures, In this case he will find full satis=— 
tion with this wenderful method, In the course of time the 
ndications will extend themselves. In every case one must bear 
n mind the necessity of accemplishing a stable union of the ends 
the bones by nailing. If this condition is not fulfilled fail- 
. ‘wilt mes be the fault of the method but of the operator, = 
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da-LNTRODUCTION 


Before the surgeon undertakes his first marrow nail opere 
ation he must have a clear understanding of its main principles. 
Only then will he be in a position to apply the method as widely — 
as the present state of the technioque makes it possible, It must 
not be forgotten that it is a case of true nailing. Just like 
the carpenter's nail unites two pieces of wood with elastic 
strength, so the marrow nail is meant to unite the bone ends, 

The nail should be introduced in such a way by strokes with a 
hammer into both portions of the broken shaft of the bone that 

it sticks there and makes it impomible to shift either end of the 
broken bone shaft, Only by aecomplishing this can one speak of 
an entirely satisfactory marrow nail operation and only then can 
its great advantages over all other methods be turned to account, 


A further securing of the fracture by splints, plaster cast or 


@euension will then not be required, The limb may be freely : 
moved, even bear weight, Wasting of the muscles and disturbances 
of the circulation will net occur, or, if so, only to an unim- 
_ portant degree. Joint stiffening is not to be feared for the 
a soint is kept at rest. The fracture, placed under favorable 
mechanical conditions will be bridged over by bone in a very 
Short time, for it is subjected only to pressure while pulling 
and pushing tensions are avoided, 


The nail is held by the friction of the rough inner layer 


eof the cavity of the hollow bone cylinder,, Since the inner 


diameter of the bone varies it is of the utmost importance 

that the nail should have as much elasticity as possible in 
the cross section, Therefore the nail is U-shaped in the cross 
Section, After a successful nail operation the friction bet-= 


ween the bone and the nail may be se great that the ends of the 


bone are held together by a force whieh can resist a pull of 
several huncred kilozrams, But not all broken bones may be 
treated under eocually favorable conditions. The shape of the 
bone, the shape and location of the fracture and finally the 
pessibilities of introducing the nail into the cylinder of the 
bone are all of significance, A thoreugh knowledge of the forces 
in cuestion in the individual case, beth for the indications 

and for the techniaue of nailing and particularly for the treat- 
ment after the operation is absolutely necessary, 


It will not be possible to achieve the aim of the marrow 
nailing in every case, especially sufficient friction of the nail 
in both ends of the broken bone, But nevertheless, surzeons may 
use this method and successfully apply it, It is only important 
to know how to avoid the weak points of this method. 


The mechanical factors are simple and easy to understand, 


A bone with only insignificant variations of the diameter 


_ of the cavity presents the mest favorable conditions possible, 


merit, 1), 


ce ee ee te oe 
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TLLVetr. 2s 


The lecation and the shape of the fracture are of no import- 


ance if the two fragments are sufficiently long to give the 


nail a satisfactory hold. In the case of a comminuted fract= 
ure, however, the nail alone has to withstand all the ferces 
tending to produce angulation at the fracture site, While in 
the case of a plain transverse fracture the nail is held by the 
bone in a firm mechanical system so that the nail alone does not 
have to withstand the forces tending to produce angulation at 
the fracture site, 


When the friction betwren the nail and the bone is in 
Surficient, the nail will act as bolt (111. 2), 


Ilustr, 2 


. eeiieee Peeetures ae | "shont an aig as long ci 
Conese are minor faults of rotation, until finally the nail (holt 
sand bone Jam, (Ill, 3) In the case of a PeeEed. fracture the 


t 


ne. ends ean, nevertheless, be united in such a way that the — 
one. ends” remain vias fixed peoeenier (so-called es eee | 


’ >the. abhloek is not so favorable in the case of a. bone with? 
siderable variation in the diameter of the marrow cavity, 
fracture lies in the narrowest vart of the marrow oa vatiees 
cessful nailing can still be achieved wwing to the elastiosx 
pene cross section of the nail C231 2h) Bor £06 distance 


ee 


wos 
a ee ee = sae at eee 
< . oe ea 2 ‘a 
ee Le oe 
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ae iskets — 


‘lateral he ppaibabd ie will be rrpalie held Cane r by ee muse): 
and angulation cannot occur, and rotation movements are prevent 
ed by the interlocking of the jagred te-th, If a picce of bone 
is missing at the fracture site the bone ends cannot stand one 
upon the other lon tudinally and there pe be a eatery wo 
Been tton (771. 5) f 


part of the marrow cavity the degree of disproportion bet= 
n the width of the marrow cavity and ie thickness of the - 


nail or not. If the broken ends can be Ateviaced Bee 

he thickness of the bone cortex we then find the most un- 

able conditions, They are: lateral dislocation, distrac 
tion and rotation i.e,, which are all the faulty vositio 
an be imagined (T11, 6). : 


A ’ 


Tit, 6 
Unfavorable conditions 
for marrow nailing 


; Dey. not be achieved, Soenuad the le penis bes som 
iller than the marrow cavity ett PT). When in this case 


cotuetr ey 7 
a- favorable 


b - unfavorable 


ure is  situat-d at the narrewer part of a tapering marrow 
y ithe difference of the respective calibers, which is ne 
fer the introduction ef the nail, is to no disadvantage, 
Lohaper rnp iean lee of eas nail, which is neces ary pease) bag 


mare MS tirthar ulaee of friction Het ant hee hail ‘and gua ) 
“ahi ieee" spongiosa of the | ends of the panes. While ae the 
ety 
ant as 


‘bis 
For ‘exable, one may a the feraoselantey 
Ss eagias. to the ulna in the vicinity of the elbow joint, 
Be vcciine was not achieved after five months (Infection 
ing the effect of the nail,), The joint was practica 
le, The motion that was possible from 100° te SO?) war 
, to the elasticity ef the nail, ‘but as the pictures: Ss 
il had worked a slot in the spongiosa of the bone, in wi 
nd of loca nail covered a distance of 12 millimeters Sei 


col tly yeasts. ote Reccection a the GeoAd of By bP sco A 
ape the tubular part, with pressure of the nail ee. 


osteun’ Praveite a Litera? breaking through of ha nail os ere 

speedy formation of new bone, Such a reaction is not seen in 
spongy bones, The nail works itself a slot and finally break 
out ef the bone (Tl), 9), Therefore a subtrochanteric fracture 


Palystr, 9 


st not bear weight too early, and the head of the nail must be 

Particularly broad for fractures near the ‘elbow joint, and, for © 
the Same feasoh, it is uscless to inserta nail in a fra cture 
‘the tibia so far that the point of the nail gets a hold in. 

distal spongy portion of the bone, This hold is negligible © 


@ wnpeliable. 


© ter’ aim and purpos> must he the nailing ‘operation, _ Lh ie 
always to be achieved, At least the principle of the bolt — 
id be guaranteed, It still offers great acvantages, If a 
1g cannot be achieved with certainty the fracture is aoe 
le for the nev method. Of course, even h-re there are. _ 
ons to be mace and in certain cases one will decide fa: 


healing» only with difficulty by the pathede used previously, | 


Ge! 4 


examples one may refer to the comminuted fractures shorn 

pictures above, which were nailed with the very vest resuueee 
though the mechanical conditions were Ae ne mevns ideal ones 
ibie VO Be 41)» ae 


if In practice the conditions in sore cases may be very come 
cated, So, for instance, the analysis of the forces which 
ibia fracture in good vosition with a ‘spread nail is very ¢@ 
t and it is impossible to decide wheth r the security of th 
etures is due mostly to the principle of the nail, the. bolt 
e@ Hirth teeth or other factors, The only real important thing 
that the doctor should attain sufficient skill to recognize: 
| a6 nossible to which extent a fracture, tr: ated in) thas 
be subjected to functional use, For thi ey it. Ls ony poss 
to give veneral directions, Personal experience alone en= 
a3 maste 7 of this. subject, | war oo 
Peper statements make it clear that one cannot 
indication hee using the eae Haak. 
vish betwee wietel ett ./and |: exten?ed! indie 
Tbe SHG ae ascee rag 


Tllustr. 10 | Pade te.) dk 


are considered “particularly — 
ae. thoes fractures which can be treated by the. 
see eperebicn much better than by any other method, ,In the. 
er group are included the fractures consid-red "suitable". 
"less suitable" and at the same time those which do not sho 
the advantages of the new method after they are nailed, a 


wena boginner ah te advisable to undertake only theses | 
oith ey ees 


8 under ‘ihe Nextended" tndieetienes 


the nail is in place certain changes occur which sust 
an into. consideration, The nail may become leose in ADB 
e as early as the first week, ‘The inner wall of the bone ane 
n worn thinner by the pressure of the nail, The consecuence. 
that. the Friction ypetrech, ues bone and the nail becomes rade 


in ayer axis of the bone, z 

‘6 | prevented by the callus enka fille 
Seroken iy Thus there exists the most favorable conds ee 
the healing of the bone, as the nail acts as a sliding split ane 

‘permits ponly the forces pr seeene the ends together to act. 
It stands Ge reason that the Lopes ening of the nail abter a 
uple of weeks may be a great disadvant VAGe, accordins to oe 
rm and post yion of the fracture, therefore it must be cone. \” 


t ‘ 
\ 


a a , produces a co on= 
t re ths est Soe Sina’ thus a later. 


cit nail of the periosteal callus which is unc 
The fragments are not fixed | firmly. sl 


Rett 


ey 
act hha ee under the above mentioned conditions, freou 
begin to move and thus work their way out of the bone, 


Pina lly to considerable dalay ! a the fovmati mh Of ea its, 
sn a single mistake is mace. If in a smooth transvor 
in the micdle of the leg, for instance, a nail is i 


roe 
at is too thin, this may permit sh-aring Torces to act a 
Pet. mud iboats Goes not eee a ae healing ab ale 


iV 


Vv 


pee wii) Sai one h ‘to delay a bony healing or -aven. oe 
eat exnceeutien ea | | 


Illustr, 12 


Here are some other brief comments important ne eonsid 
ons in connection with the nailing, 


a4 ve fracture “o nee eh x considerable distance af 
e operation 


wound will be only some centimeters long a 
st the danger of an infection will be very slight. 


t the 


‘The nailing is not a serious operation which might pete 
life of the patient. 


| Just like other operations, the nail 
too must, of course, he be done in shock, 


sign. ; 
ically it does het appear but even this Dien acditi onal : 
parr must not be added to cases already in a precarious atatos 


| A good formation of callus may be expected only if a stab ele 
osteosynthesis has been attained, A very abundant formation of | 
callus may be caused by the issue of the marrow at the freatume: 
_ Site (KUFNTSCHER), Nothing has been said yet about the fixing 
| of the fracture, The chemical stimulation by the metal of the 
_ nail may cause a far reaching disorganization in the nailed bone 
B and along with this an abundant periosteal formation of callus, 
_ This occurrence is to be considered as undesirable, The fixing 
of the fracture may even be prevented (MAATZ). Therefore the nz 
- should be made of corrapion-proat metal, ay 


s The most bee eid consideration of the following technical | ‘s 
directions is urgently recommended, The nailing operation is a 
kind of operation which owing to its technical character is net” 
es There are easy as well as diffiea: 
_ cases of nailing and one shonld always be prepared for the latt 
' Never make the mistake of considering a case of a nailing oper-— 
- ation as"finished and dene with", For a sracecsful nailing operatinn en 
) Ways requires a careful clinical and ambulatory obsrrvatison to — 
~ meet every complication which may occur in the course of time, 
then only Can the new method show how vastly superior it is in 
-- comparison with the nitherto used methocs, 


N..=LS 


' The above described mechanical conditions of the marrow 
iling operation make it clear that the marrow nails now avail- 
e do not make it possible to obtain a stabile osteosynthesis © 
n every case, The nail lies close +o the inner wall of the eg 
pone shaft not only at the fracture <ite but also beyond it as 97 
Mw as possible, To attain this eni sho nail must have gre at 
sticity in the cross section because the diametor of the 
Marrow cavity varies considerably, This recvired elasticity 
in the cross section is much greatcr than that attainable by — 
‘the most favora>le cross-bection design of the nail if the thick 
ners of the sheet metal is adeovate, Therefore nails must be eo 
structed which can be spread at the: desired spots and, Pie 
which make it eal to furnish the nails with cams 
quired spots. These cams are meant to ent’ r into the inher wale 
‘of the bone in order to prevent a rotation of the fragments,  — 
When constructing nails of new shapes one must consider that any 
cemplicated construction is of no value and must th-refore be 
“Tejected, One must never forget that the nail must be strong 
enough to bear heavy mechanical pressure, breaking of a nail 
should be an extremely rare occurrence and that the nailing cai 
the marrow shouldc not be reserved for sore few highly sil? hed 
| specia lists, but should be available for the use of a majority — 
of surgeons, eS 


fficultics of getting the necessary maberdal have of course de 
‘ed. any further development so that we hav- to reckon only ay 
he instruments presently at our disposal and so have to fret . 
ith some disadvantages, Unouestionably we are at theo bee 
of Under the prevailing conditions it 


1e bee ‘ 

“complete poe oF pele iee Phe weet Aes, nee 

ikea for the gehen and the nails needed for : 
The a paesbbeued ent of 


The cross section is approximately V-shaped, The thickne 
the metal sheet, recuired for the stability of the nail, is 

mewhat less at its back so that the two sides of the SS heya 
aily approach each other (712, mec In this way the nail prc 
eG ; eta 


i en ns 


nage 13 


1 for fe Ah oaxas ty. wide marrow cavities (to 16 millimet- TS). 
r be constructed of a thinner m-tal, Accor”’ingly the elastic 
of the cross section is increased considerably, 


| ‘Customary sizes are: 
Sate Gi ah ee bergthat 30, 3h, 36, 3°, 40 and 42 entime= 
. Cross Section: 8, 9 and 10 mil1 ea ear (conecial sipea’ pi 
- 16 centimeters are often used). a ' 


3 y il a Peon 3 bona thas 24 - 32 centimeters (at inter= — 
fi Bie ot - centimeters). Cross Section: 6 and 7 millimeters, | 
For he: subtrochanteric fractur- a conical nail is provided 
-osponding to the form of the marrow cavity to prevent a la- 
1 disoslacement with transverse fra actures, and especially to. 
tan inevitable short-ning when a ate that is too. thin is. 


Illustr, 14 


(ote a bane: is to be nailed in ‘whieh: callus is to be paneee 
the marrow cavity (f.i. refracture or 2 delayrd formation Of 
lus) and if one does not wish to lay open the bone, one may — 

use of a nail which hzs ‘serrated tecth at its point (T11, ce 


Illustr. 15 


With ee tee "int soaueki ch. ge eg hota may ae im- 
. (Fditors Note: In such a case, where callus fills © 
marrow cavity. it is customary to oertorn the "open! nait- 
: exposing the fracture site and reopening She merrow cavity 


h- a drill or an. awl), 


at “The Y-nail is a conical thigh marrow nail of 32 millimeters 
ngth and a Veshaped cross section of 10 millimeters, A nail 
@hn in its cross section is shaved like a T and..stands at an 
ngle of 45 degrees to the axis of the long nail is introdtreed 
hrough a. slot in the marrow nail into the head and the nec: of 
e femur, The midcle of this slot is about 8 centimeters ed 
eath the end of the nail head. The cross nail (I-shaped) i 
x centimeters long and its he.d stands ont of the nail mee 


2 centimeters in order to find sufficient hold in the cores er ig ae 


eA1 hole <111, 126), 


“AN 
| 
| 
| 
| 
| 
| 


Illustrj 26 


by Bex the pertochanteric fractures of zroups III and V the 
Brtoy nail must be constructed according to the measurements 
the bone because it must lic in the bane cht bone so snug that 


“cannot turn round, 


The directing apparatus for the Y- nail, which permits a 


Fperen efit introduction of this nail, will be described in 
thapter 19, 


Nails for the leg are double nails, Their cross section 
$8 U-shaped, They arc curved, the radius being shorter et the 
ie and in the middle almost oo (Ill, a7) : 


P aeuteatere ait intervals of 
and 9 millimeterg. 


Mo Nth Bee ues. two differcnt shapes have been used with © 
jecess: the double BELL with an inelinea plane and the turn- 

The former one is a regular couble nail for the 
whieh can be spread in its distal part by an inclined pla ane 
i the turn-spread nail, The former one is a resular deuble mad 
r the leg which can be Spread in its distal part by an in- “ 

eine plane attached to the outer nail (111, 18). Phe inclined 


ery Tilustr, 18 


th 


ee plan ne ae and the back wal’ of the bone tube (b) form the la-= 
os beral eae wa? ch pend off aa inner nad t shied le Shi The 


avo: must He ae oe he det A 


; A spread nail havi ne: 
Peidtn ef 8 are and ie Lenenk of 32 centimeters the. 


elined plane of which is 6 centimetcrs from thr nail tip, is. 
seribed | as U-Schenkel- eencee (32/6cem,/Snm, 
ha. double. bail with an inclined pviane is. a very stabile 
Pe eten. “Ror that reason it must always be us-d in all those 
fractures located distally to the narrowcst 
mavaty, the fracture lin-s of which “re more’ cblique or, in 
ose which have a tendency to angulation b*cause of a breaking — 
Poet pone particles especially at the front edge, Mi 


> rt of the marrow 


Maes turn-spread nail “lso consist ; “ fo noile, The ouper. 

eorrosponds Se a noreck maul: The! onaie: nod hes 8 rome 

ction and is in its Tongitudin. profile S-shrprd 

ae) Phos Seurcr ooek of the, nol iis Sntraduerd in such: We 

y that its coneave part ne ty Shite front. aftor thet. i 
.sis to be turned by 180 degrees ~-° urans of 2 sercrdrivor, 
outer nail is driven in wh le the Late mad) is) sccuped. by 


cies or a supporting wire against om further ponetration 


Lies We te Gi eS 


This aaee Can b: ery 
ly as a Dig be. Ayoauie the inner pa lies Aeepneatine t loose | 
the marrow Cavity and because of its great-r clasticity it 
Ss. 


ie het offer. sufficient resistance to a stronger lateral pres 
e(T1l, OO )e : ca ee 


, be 3 
: —— 
» . ie a L 
oy ag ae oe aan a 


ee 


weeds Ts Oy 
\ , ae a 


t 
t 
: 


3 Tilustr, 22 
ie Se ae . 


gh: lo (= 24 contincters at aldol eueatat 1 centimeter, 
33 and 4 milli- 


‘The g special Hedl for the eae fracture (near 
a length Of 20 centimeters, its diametc sy 4a''6 eee 
the third near the head end; in the third near the tip, Ai 
Bt millimeters. The corresponding tapcring is in the 
The’ last three millime ters of fhe head end are flat ‘and 


ss 


Box rt h- e € h i g ie : cross Sader rovnd. and solid, ; 
Be thigh nail three-edged, i hengt ha 3::and Ae nit Lime’ 
- 23)e iy 


4 


x a hee <? * rearnhn. 
io oF centimeter, 


mi ‘The’ ek shaped awl, the tip. Of which is 
proved most suitable ‘for the eee KEL14 24) 6 


the eh re er simply a piece of a th 
¥ 20 (Scr erm ne It is put upon the thigh nail when | 
4il head end has not yet reached the head end en the . aun re 

f he 08. must: hot aes be prentets i 


Soe ea eject dnt. of the mad tree chantor, 
3. slipped over the | nail is pressed | preery es aad 


VER 
be moved in She AeLiaw is craduated at a 


at Ss upper BES 
mber of nica Sonata the na‘ il ‘stands obs at ane time 


e belt can be fiswis bce in Baa to se the met Low 
‘fron ar spot ne back at the moment of the stroke (11, aaa 


the aes. get $y: ae: plain aes aeiwle nail Pdetlataken’ the 
sed aa of the nail because it renders it posible to dire 
R7) 


oke- areas bi ae chief Nn adabaeee of the principal 
via a eof the nail is prev 


hocks are ned, 
pk 27). 


“To ye any hiiae of the or -c at the point 

. separating. disk acting on a bell and socket is. vs 
“the throaded spindle with a spring ore as a "relay" 

be reset aftcr a ih Fab of honm- ? stroke shad TAG. 


ts inserted when the 


picce of a straight nail, broken. 
e forearm) the same hammer is used 
rowith a removal hook of a length of 75 centimeters, th 
od nail catcher (I11, 28), It must be introduced into. 
(gvity at “the. site of the nail insertion, After: = 


For removing the second 
marrow cavity (thigh, 


/ 


iy 
? 


‘Illustr, 28 


| ary ik pie be pushed ae a © cavity 
f the hook finds sufficient spa in ribs oe a 
i s When the hook comes out at che anc of the 
ust be iene by 120 degrees (not by 180 derr-es, see Tl. | 
and the nail must then be extracted or struck BE es ao ee 


a- during insertion 


hy 
Kn 


Tllustr, 29 


oe otk the nail catcher is slightly bent and elastic, aad io o5 
troduced by the hook closed side of the nail,’ The hook catches 

_nail tip behind 4 the moment when it leaves the nail, A roe 
; is not necessary in Chis: case, ae 


The extraction hook is suitable for nails which can be re 
i ee (Capper « arm and foneer ees 30). ) 


<* The nail cater (734. 31) permits the necessary siaping 
the nail (with the exception of the thigh noil) without da- | 
ging the polished nail surface an event which may happen verge 
sid@y when using pincers, | 


a ee Tituste) 
ih wy a ustr Pees 


‘The comparison-scale. (Ill, 32) serves to ascertain the 

ter of the marrow cavity. It is attached to a belt with | 

ancing weight and is put upon the limb before the faretic) ae 
in all cases of fractures which scem to be suitable fov oo 
ng ain ‘such a way that the scale is on a level Loa the 


a a vive bane and the scale, 
\ llimeters, 


the isolating wire frame for the thigh and the leg serves 

ilitate the asepsis, “Tt “enects a "wall" 4 éentinehers: hich 
en the aseptic and septic parts and leuves apen only a sma 
of the skin for the small operation wound, 


ning apparaius (taatZ ) co aaed fox ‘ie nee kate 
‘Practically it is a / 
operating surseon, The appar 
6 any. connection eet the: exte 


a The eater DaTastaent brings 

h onal arms to. is ‘Sasi od Aaya: The movements of the 

teral levers are transmitted by a’ universal joint to a pear © °) 33 
mechanism in such a way that strength is saved though the extent > 

of motion is less, By means of this apparatus interlocked frag- 

eee may be fr-ed, moved around each othr and put 10g oe oe 


oblique Phaekiies ‘and spiral Re The crepita tion én the 
‘bones touching eath other is transmitted so well by the 
hat it is imparted to the hand of the manipulator, an ieee 
can be fixed by an adjusting screw. This advantage is of the ut- 
most importance especially with transverse and over-extended obey 
que fractures, ie 
ot: Bhi semicircular pads can be changed according to the thidka 
ness of the extremity, The leather strap which has two ie 
must be pulled over the ends of the pads in such a way that the - 
‘eather strap and the pads form a complete ring and that this 
ing is formed at any diameter half by the pad and half by the 
‘trap. In this way a firm grasp of the extremities is achieved, 
he straps must be tightened very firmly because any slac’ rening 
rill diminish the effect of the manipulations too much. The 
ads are mounted on a joint that may be turned $0 that thev st 
nearly vertically to the axis of the leg or the arm, Thus, the 
fracture site remains uagowered Por Ee: ke “Tay. . 


oe 


ana 


Fractures that can be Veauced onde by using very strong. 
ree (i.e. supracondylar femur fractures) cannot be replaced 
the normal position with this apparatus. In that case it will 
e better to use a regular block-and-tackle that can be attached 


_ to heoks in the ceiling and the wall, Other adjusting devices — 
have been constructed by HFRZOG, LINSENMEYER, ZOTTL and WITTMOSER 


re EHS INDICATION AND DETAILED STATEMENTS 
~ABOUT_ THE _AFTER- TREATMS END. 


The Sai towing possibilities for the use of the marrow nail ; 
et The sudieations: may be: at: 


Be eg Fvery fracture suitable for the net {Arie operation may 
“aia with the marrow nail, or ef 
2. he procedure is reserved for those vatients who are 
rticularly endangered by confinement to bed, plaster cast or 
xtension treatment, or i 


a a - those fractures which present great cifficulties in — 

treatment may be nailed, such as plain transverse fractures which 
ften heal in lateral displacem nt and which show the tendency to 

refracture, or ng 


in the pro per Saabs “ahd. 
‘These fractures By cea oth- rwise ren. 


Sey are “the peel BLLALy of aveidine the gaa of the frastiel 
a all its dangers and disadvantages, These cases are not un- 


Recs: of tumor nstasineie. Strange toe say the majority _ < 
f these fractures are subtrochanteric, - The patients concerned 
must be treated with plaster cast and confinement to bed for life 
because these fractures do not tend to heal, not even by frecvent. 
irridiation or other forms of tr-atment, With the marrow nail 
treatment nes patients can at least stay in bed without pain, 
Ain some cases they may even become ambulatory although there is 
“no hope for. a bony healing of the fracture, 


are RS Tht 8 a een ag 
CP tle ene ae a Poe a Sar 


ot Neh ag 
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= In this way every surgeon who wishes to become familiar with 
me the use of thé new method has a rood chance of starting with the 
- strictest indication possible and then extending the indications 
constantly with growing experience. Since its introduction the 
new method has proved its value to such an extent that the dis-. 
position to treat every suitable fracture with the marrow nail 
Can be considered as justified. The cuestion "Which fracture cane ~ 
not be cured conservativ-ly?" considered under the influence of | 
jhe marrow nailing leads to the further ouestion "Which fractures 


annot be nailed?", 


The indication is different with children, Here, the 
fractures will heal very quickly, stiffening of the joints necd 
not be feared, danger by cast or confinerent to bed is of no 
Serious importance, minor defects in the position are corponsatod © 
for later on to an astonishing extent. The indications may be. 

she more strict the younger the little patient is, With the 


gad whi ch does not refrain the normal peditren mB 2 ea suspended ag 
sition. But pthe oldat the child tevthe ‘easier it will be to decide 


The cuestion whether a fracture is suitable for the marrow 
ail operation or not depends on the shape of the bone tube, and 
he shape of the fracture, The situation is somewhat complicated 
“Many cases and the gradations of suitability vary so that it 
ems to be advisable to distinguish the following groups: 


"very suitable" 

"suitable" 

"less suitable" 
and "unsuitable", 


It must be emphasized that these general directions are -iven 
ith respect to the present stage of the marrow nail technique. It ~ 
ay be hoped and is to be expected that with the further develop= 
mere of this mcthod the°general conditions will papr ore Reheat Re 


Totally excluded are all fractures involving joints because 
e nail may separate fragments which still are in fair position, «7m 
hile the nail may not find sufficient hold and the joints are ~ Bet 
dangered br the introduction of the nail. An exception is the — 
sha ed fracture in the femur section of the knee-joint, It nea 
1 ve dates with scparately later on. 


“Phe: Ma tapdiity let a fecnehun for the marrow nail operation | 
se buds not only on the extent to which a nail may be fixed se- | 
curely in the bone ends, Othcr considerations may be of great 
importance as for example, with supracondylar fracture, Here the 
conditions for an ideal nailing operation are extremely poor. fies 
nail guts out of the wide marrow cavity of the distal fragment as 
a bolt because its diameter is much too small, Additional support 
by aplaster cast is required, But, nevertheless there is no better 
method of treatment, because the fragments cannot be fixed together 
' so well by any other method, ve 


| Therefore it is necessary to discuss the indication in every” 
particular case with regard to the limbs and types of fractures, 
. The circumstances, on which the suitability of a fracture for the 
marrow nail operation depends determine also the method of the 
fter treatment, Therefore we must discuss the essential facts 
ogether with the indications in order to prevent any unnecessary 
epetition, Nevertheless, the general directions will be dealt | 
ith in a special chapter of this book, 


Ay DHE. THIGH, 


_ The femur of the adult resembles most a bone tube which has _ 
e same diameter throughout. A straight nail can be introduced 
rom the trochanter, That means that the conditions are very 


"unsuitable" 


because the head end of the nail does not fine sufficient 
hold in the upper part of the ‘ 
trochanter, Suitable for bs 
treatment with the Y-shaped 
Rett CTL S16). 


b)_Subtrochanteric fracture see 


"very suitable" 


Secure against bending 
of the extiss (Slight: Lat éral 
displacement can be prevent- 
ed Oy a conte, nati, 


iy, Tlilustr, 33 . , « Gre 
eG Secure arainst rotation Titus: 
7 | because the nail finds a firm : 


hold in the spongiosa in the 4) Sua 
oximal sector because of its V-shape, while in the distal frag 
nt conditions are favorable for sufficient friction, ‘ 


Additional gupport not recuired, ‘leight bearing net advis=— 
le until the lapse of three weeks, With a premature weight 
aring the nail might work itself out laterally through the | 
pongiosa of the proximal frazment, Anes 


mae eee re te me 


The short fragment of which has a marrow cavity su 
ding and which is at least 8 centimeters long, 


"very suitable" 


“Te 


fracture, Additional support is re-,ired only if rotation occurs, 
Weight bearing is vossible immediately, (Ill, 35) 


‘ 


d)_ Spiral_fractures, 
"suitable" 


Secure against bending of the axis and 
lateral displacement, Shortening occurs 
Simultaneously with rotation faults because 
the smeoth fracture ends 
will slide past each 
other with weight bear- 
tue, . (331, 36) 


Additional supp- 
ort is required only 
when rotation occurs, 


Weight bearing 
not before the lapse of 
three weeks, 


1, The large fragments_a 
intact in their full len 
th in one area, Tiiuetry 33 


"very suitable" 


Lateral displacement.is imnossible, Se:: 

es curity against angulation depends solely on 
‘ Tliustr, 36 the seat itty of the nail, Shortening is 
impossible because the large fragments are 
intact in their full length in one area, 
Rotation ouite possible because it is pre- 
vented only by the friction between the nail and the bone, as the 
_ fracture is not jagged, 


tae 


4 Additional supvort necessary only in case 
| ef danger of rotation, Weight bearing »ossible 
immediately. 737 37) 


NR ee ee ee ee em ee ee ee eer ee =o ao a A ee te oe ee ee ee oe 


"very suitable", 
conditions as under c,(I11,38) 


3. Comminuted compound fract- 


(Ot ee a ie en oe ne ee mee soe oe ees 


Ure, 
'suitable”" 


Secure against lateral 
displacement, Protected a- 
gainst angulation solely by the 
Stability of the nail, 


Danger of shortening and 
rotation is very great because 
it is prevented only by the 
friction between bone and nail, 
Tllustr.38 (See also: gunshot fractures) 


Additional support by wire extension probably 
required, Weight bearing after a sufficient for- 
mation of callus, (Ill, 39) 


£)_Suzragondylar fracture 


"very suitable" 


because it is difficult to treat by other 
methods, 


The nail prevents the small fragment from 

slipping out of position, Small displacements 
are possible in eve- 

ITllustr, 40 rv gradation, because 
the nail lies as a 
bolt in the marrow 
cavity which is too 
wide, 


A reduction as 
ideal as possible should be striven for. 


Additional support (high plaster cast for the 
leg, sometimes only Braun's splint) always required fer four wee: 
Weight bearing possible after six weeks, 


g)_Supracondylar_ fracture with condylar separations 
(Y-fracture ) 


"Unsuitable" for the simple marrow nail, As it is very 
difficult to treat such a fracture by the methods hith*rto custor 


(jy @PY and as success is Very uncertaln, 
See the treatment with a special nail is 
) pa é 4 recommended, 

; 1 we 

sul Ty 

—. ¥ ed the less favorable will be the con- 


Tllustr., 41 ~) ditions fer the nailing of the thich, 
since the marrow cavity shows a fair- 
ly marked narrowing in the middle of 
; the shaft during the years of growth, 
: This fact has to be taken into con- 
sideration as regar’s the indications and the after treatment, 
_ The fractures suitable for the marrow nail operation senerally 
' are limited to the middle third of the bone. This fact is not 
_ ef so much importance in children because most fractures are 
usually situated in that thir?, 


a 


The younger the individual cone-rr 


B, THE LEG 


% In the leg the situation is comparatively much more un- 

_ favorable than with the thigh, even with adults, The marrow ca- 
vity shows a corsiderable waist-like tapering in the middle, The 
nail must be somewhat bent because it must be introduced later- 
ally, At the same time the nail has to be flexible and elastic 
to such a degree that it may vrove a great disadvantage for the 
stabilizing of the fracture, As the nail must be introduced latcor- 
ally in front, its curve must be concav> shaped to the front, 

Leg fractures lying in the mid’le third of the shaft ouite often 
will show a tendency to recurvation., The nail which must have 
similerslight curve will often not be strong *nouzh to countor- 
act the forces of recurvation sufficiently, Therefore this most 


= * e.2 
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The fragments are protected only against rotation and not 
against the other vossible kinds of disvlacement, During the 
insertion the nail tends to push the lower fragment backwards, 
It is very difficult to prevent this dislocation and in many 
cases it will be impossible to counteract it ecven with an exe 
ceptionally wide curved radius in the uvper section of the nail, 
Even a successful repositioning of the nail will not protect 
the bone cylinders from sliding off again, "ven if the frage 
ments do not slice off a stabilization by the flexible nail 
will always be t@o slight because the latter lies almost ‘loose’ 
in the marrow cavity so that it cannot neutralize the disadvan- 
tageous forces existing in that part of the bone, 


The forces disadvantageous to bony healing, are very grcat. 
This is proved by the fact that compound fractures near that 
place are often observed, This fracture is suitable for a nail- 
ing operation by the use of a wedge which must be driven in bect- 
ween the inner and the outer nail, By this a very good "bolting! 
is achieved so that the fragments stand firmly together, 


b) Tho difference between the diamet 


a)_Transverse fractures (in the upper third), 


— ae cone ee a te ee ge ee ee ee ee ee ei ee Lh cee Se ee 


a  ) (m ~ nik) 


Nless suitable" 


A sliding off of the fragments is impossible 
(Ill. 44)4 It is protected against rotation in the 
upper fragment by a latcral nail bed, in the low- 
er fragment by the friction between the bone and 
the nail, and in addition by any bone"teceth", 


re ee 
Coe Le 


The reason for its being “less suitadle" is 
the fact that th- nail, owing to the insufficient 
friction between it and the bone, dov-s not stabi- 
lise the fracture sufficiently at the fracture 
Site to guarantce a quick bony hoesline without 
additional fixation, 


ILlustr. &4 Plaster cast is recuired, 


: Weight bearing with the plaster cast is 
_ immediatcly possible, 


a A sofe nailing may be achieved by utilizing a wedge, driven 
' in between the innor and the outor nail, 


b)_ Oblioue fractures (in the upper third) 
Bs, , \ ald Fa | 
ane | ij 4 
"i "less suitable" \\ Br 
aa \ \ pn, 


4 mm aaa 
a \A slight lateral displacement and shortening to HY 
| 


a small extent, will always occur, (Ill. 45) 


( if4 i, 
‘ It is well protected against all further dise Hh T1145 
placement because of the great friction between — \4 | 
Me the bone and the nail (at x). By this a suffi- i 


Peient stabilization at the fracture site is 
_ achieved, 


Additional support not recuired, 


Getting up after three weeks vossible, 


See ee ee 


It is recommended to use a wedge, 
e) Spiral fracturcs (in the upper third) 


(m=n<k) 


Hless suitable" 


Here we have the same conditions as with obli- 
que fractures (2b); Strong torsion forces are ade 
ded which cannot be compl-tely neutralized b’ the 
nail, because the distance between the upper nail 
bed and the marrow cavity wall is too large in 
the distal fragment, 


> 
ic 
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Additional plaster cast for the leg is 
required, Getting up vith the cast is not advis- 
aa Tllustr, able until the Japse of three weeks, Use of a 
| 46 wedge is recommended, 


d)_ Comminuted fractures (in the upver third) ~~") 


(m-n-k) 


"unsuitable" 

By the breaking out - of larger or smaller par- 
ticles of bone, the most essontial factor which made 
a nailing operation effective in the upper bhird no 
lenger exists, i.e., the standing of the frarmcnts 
one upon the other, By this the fracture slides off 
or, if this does not occur, the result will be angul- 
ation to the side, where a piece of the bone has broke 
en out, caused by the missing sup»vort ef the fragments 
Om the side, The stability of the nail which is not 
supported by the bone is insufficient(I1ll, 47). 


a Tunsuit2bdle" 


In this case a considerable aggravation of the unfavorable 


© conditions prevailing with the compound fractures will occur, 

ir ganbbastures inthe missle thing. 

ae, 

ay 

ot Since the diameter of the marrow cavity is cither auite the 
™ same er about the same as the thickness of the nail, all these 

me fractures are suitable for a marrow nail op-ration, Thanks to 
me the elasticity of its cross section the nail will fit tightly 
Minto the marrow cavitics of both fragments and sufficient frict- 
_ ion will be achieved, 


al_Transvorse fracturcs (in the middle third) 


"very suitable" 
Illustr, 48 
Lateral displacement 

and shortening are imposs-= 
ible, Bending of the axis 
will be unlikely, owing to 
the stability of the nail, 
above all owing to the stand- 
ing one upon the other of the 
bone tubes, 


932- 


nail does not suffice to prevent angulation with absolute cor- 
meaeney. Faerticularly unfavorable is the situation in case of 

the breaking out of a triangle in front, since the curvine of the 
nail will often result in a displacement in the nature of a re- 
curvation, 


In using the simple double nail an acJitional leg cast 
is nearly always recuired, 


Weight bearing (curing wearing of the east) according to the 
shape of the fracture but not before the lavse of 


ed by the spread nail with an inclined plane so 
that additional bandages are not required, 


In case of a double fracture of the tibia 
ee Qe 52). 2.6, 2nthe case of the breaking out of 
a fairly long bone tube, marrow nailine is abso- 
lutely indicated, The central fragment is strung 
upon the nail, If the two fragments are in a 
place faverable for nailing, the situation is 
very favorable, If, howev-r, one of the fractures 
is situated in an unfavora>le place this dis- 
advantage must be accepted, At least one of the 
fractures is then kept in a favorable »vosition, 
An additional plaster cast protects the other 
fracture against excessive displacement, so that 
the advantaces of the nailing are still para- 
: mount, Beth the wedge and spread nail are suit- 

able, ac ording to the shape and the site of the 

peeeetr, 58 fracture, to stabilize these fractures without an 
additional plaster ,- 
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1 e) Comminuted compound fractures (in the ccntral th: 


Lateral cisplacerent is impos: tRLee. ATT 
‘ Bother. aah ee a of or) pe guia be elimin- 


Weight bearing not advisable before a suffi- 
“cient formation of cal’us has taken place, Other- 


: Tilwetre 25 
3.Fractufes inthe lower third. ins 


sa again the suitabi alc of the fracture for marrow eee 


eet important ‘part. The double nail, forking in ite leash part, 
_ may have a much greater diametor than the narrowest part of the 
marrow cavity abovt the midcle (eentor) of the bone shaft, ‘hile 
sthe simple double nail may be used for fixinz toothed transverse 
Metractures above the point where the above mentioned difference 
"is less than the thickness of the bone cortex, the spread nail 
can be used with good result in many more cases. (Ch-vefore, the 


three weeks, A bettcr stabilization will be achie- 


“396 


use of the spread nail is presupposed in discussing fractures in 
the lower third of the tibia. 
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Shortening not vossible, Protected against 
lateral displacement by the nail, against rotation 
by teeth and occasionally also by the nail, arcainst 
angulation by the pressing together of the frag- 
ments by the muscles, occasionally also by the nail, 


Additional supoort not reauired, 


Getting up after the lapse of a fortnight. Turn-spread nail 


is recommended, 
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Tlilustr. 55 te The fracture plane leans oblicue- 
ly downwards towards the vinner or outi: 
part, 
a) Difference between the dia- 
meter of the marrow cavity and 
the thickness of the pail creatu. 
than the thickness of the bone 
cortex, "Unsuitable" for the 
Simpel double nail because dis- 
placements of all types are poss- 
ible, The spread nail with in- 
clined plane protects the fragments sufficiently if the 
spread plane comes to lie to the frontal plane (see in- 
sertion of the nail), 


b) The difference betwern the diameter of the marrew 
cavity and the thickness of the nail is less than the 
thickness of the bone cortex, 


"Suitable", After the only possible 
displacement has taken place, accompani- 
ed by slight dislocation sidewards re- 
sulting in a shortening, a jamming of the 
nail and the fragments takes place. A 
further lateral displacement is prevent- <3 
ed by the nail, a bending of the axis by ( os 
the bone tubes standing one upon the = 
other and rotation by Hirth-teeth and all 
the muscles, which counteract a lengthening of the bone, 


t 
it Illustr, 
V4 56 


Plaster cast not reouired, 
Getting up after the lapse of three weeks, 
Spread nail with inclined plane recommended, 


II, The fracture plane leans oblicuely downwards to the 
front or to the back, 


Without spread nail the same situation prevails as with I, 
When using this nail (spread nail with inclined | 
plane) the diameter of both nails together will ° 
be large enough to prevent a slipving of the frag- 
ments. ‘So we find here the Same situation as with 
Ib, The closer the outer nail lies to the bone in 
front, and the inner nail to the bone behind, the 
better will a sliding off of the fragments be pre- 
vented, 


Plaster east not required, 


Weight bearing after the lapse of three weeks, 


ec) Compinyted fracture and comminuted compound fracture 
ipthe lower third 


"unsuitable" 


In either case the nail may perhaps be of a dertain value to 
protect a large fragment against a gréater dislocation by protect 
ing it laterally, Generally it will hot be possiblé to ascettain 
this by the X-ray beforehand, so that d nailing may be performed 
only at a great risk, On the other hand, the greater part of the 
comminuted and comminuted compound fractures in the lower third 
of the tibia show the tendency to involve the joints or affect 
one or both malleoli., That is the reason why the nailing is con- 
traindicated, in order not to endanger the joint, or becomes un- 
Suitable, because only the malleolar fracture maxes the treatment 
with a plaster cast inevitable, 


@. THE UPPER ARM 


It is not vossible to introduce a straight nail into the 
upper arm without endang-ring the shoulder-joint., The lateral 
introduction of an elastic flexible nail at the up2°r as well as 
at the lower end of the marrow cavity, however, is possible, A 
very broad indication for the nailing results fror this, A very 
short fragment, either near the elbow- or the shoulder-joint, may 
be laid hold of by the nail and this way a sliding of this fragmer 

_ may be prevented, 


Therefore all fractures which in their shorter fragment havo 
a marrow cavity at least a couple of centimeters long are "very 
Suitable" because there is no better method of protecting the frag.: 
ments from lateral disnlacement, The top of the nail may be driver 
into the spongiosa of the head in order to obtain better protectic. 
' In this way a fracture in the surgical neck may be treated by u- 
sing the marrow nail with the best result, 


Site and shape of the fracture. ar2 important only as re- 
gards the technioue of the introduction of the nail (wether from 
above or below), and at the same time for the after-treatment, 
Seldom will it be possible to achieve an "ideal" nailing, because 
of the necessity of inserting the nail laterally. In most cases 
the thickness of the nail will not be sufficient to achieve a 
strong friction ef the nail and the bone for some distance, (see 
"“eeneral" part, For this reason it wil’ in many cases bs possible 
to decide which kind of after treatment will be re- 2 
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quired only after the nailing, An important indic- 
ation of insufficient stabilization of the fracture 
is a continued tenderness, after the initial wornd 
pain has decreased, Insignificant motion near the 
fracture site cannot be ascertained by any other 
method, ) 


The kind of after-treatment depends also on 
the age of the patient, The arms of children and 
juveniles may be tr-ated with the "Desault" bandage 
without any hesitation, Adults and especially eld- 
erly persons must have an aduction splint or an 
abduction cast because the shoulder may be in dang- 
er of becoming stiff. 


anh? Vora galt ire "La ell, © Gul ees Sy 


It is known from expcrience that the danger 
of a postoperative torsion of the fracture ends is 
very small, Therefore a special consideration must 


Fy 
Es 
i 


=35 = 


be given to this only in very few cases, Fvidently the very 
flexible shoulder joint constantly yields so much that a dis- 
placement by rotation near the fracture site does not occur, 


It is hardly possible to mention all the kinds of fractures 
of the arm above the wlbow and it is unnecessary. Therefore, we 
may select only a few examples, It will not be difficult to 
apply the principles to other fracture shapes appropriately, 


For the nailing technioue it has been proved practically to 
divide the bone into four sections, the first of which lies near 
the elbow joint, 
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"very suitable" 

_ Nailing from below, to give the nail'a sufficient hold in the 
short fragment. Most favorable conditions »ecause the 
nail finds sufficient friction at many spots of the 
marrow cavity though its thickness is necessarily in- 
sufficient, Thus the fracture is sufficiently stabil- 
ized, Bending of the axis is possible only to a neg- 
ligible extent, 


Additional support is not required, 
Exercises are possible immediately, 


bl_Iransverse fracture in the first section, 

"very suitable" 
Nailing from below, since in this way only the ex- 
posure of the fracture can be avoided, while the top of 
. the nail wil] find an additional hold in 


the spongiosa, 


Additional support is seldom recuir- 
red, 


Exercises are possible immediately, 


c) Transverse fracture in the fourth section. 


AE A CEE EE RD DO OL SS LE A OS LT TE SA A A SE Se GOST GS ED SED SNe AUS GED HEIN GED RON ence mney A ee Ge 


"very suitable" 


Nailing from above, becuse the distal fragment 
ment is too short, It is well protected see 
against lateral displacement and probably & |e 
also against rotation, The thickness of v3 
the nail must be much smaller than the | 
diamcter of the marrow cavity, The nail 
must not reach the distal end of the 
marrow cavity, in order to prevent a firm 
jamming, The nail is meant to act merely 
as a pin preventing a lateral displacement, 
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Abduction cast for three weeks, After that, the 
cast must be cut open like a shell, Active exercise of 
the arm, 


The cast is to be removed after five weeks, 


4) Conminuted compound fragtures 
third sectio 


'suitable”" 


inthe second and 
nS. 


Nailing from below or above, Fracture secure against lateral 
displacement, probably also against rotation, Stabilization of the 
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nail sufficient, because the forces acting upon the axis with the 
Pe possibility of »ending it are not great, Shorten- 

\ ing improbable because forces shoving the parts to- 
a : aie 
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gether are inconsiderable, 
\ i Additional support (abduction cast) not always 
{i recuired, Nevertheless it is recemmended in every 
Case. 


D, THE FOREARM 


The indication and the kind of after-treatment 
for fractures of the forearm are comparatively sim- 
ple, Thus, it may suffice to give here the gencral 
directions, 


44 All those fractures are suitable for the nail- 
“1 ing operation the short fragment of which has a 

; marrow cavity which is long enough that the nail 
may get a firm hold (I11l, 63). 
In the case of the typical ra- 
dius fracture the boundary is = 22: 
near the wrist at the ulna near ee eee — ae 
the elbow joint, because the Vs aaa a 
nail finds sufficient hold in i Tllustr. 63 
the spongy bone of the olecra- 
non, If both bones are broken, both of them must be nailed. An 
additional bandage will be required very scldom if the nails vene- 
trate nearly the whole length of tho marrow caviti-cs. In that ca: 
it does not make any difference, where the “racture lies, The 
marrow cavity of the ulna as well as that of the radius are sraped 
conically, Only with a very long nail will it be possible to 
achieve a sufficient friction with the bone, Even if thr forces 
leading to a displacement are very slight it was surprisingly 
of ten observed thet short nails inserted into the olecranon and 
at the styloid process will work out. A bénding of the axis is 
almost impossible, since nailed fractures support one anothor, 


Some examples: 


a)_Transveorse fracture in the centcr of the forearm 
"very suitable" 


It is well protected against al' kinds of displacement by th>- 
friction between the nail - 
and the bone, Hirth-teeth, 
by the standing one upon 
the other of the bone tu- 
ee, SSS 
the two bones support each —— ee 


other, 


[ 

. Tllustr. 64 
Additional bandage not reouired, 

Fxercises immediately vossible, 


b)_ Fracture of tho forcarm near the clbow-joint 


"very suitable" 
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nail is required which must be considerably strengthened in the 
third near the head end, The reason for this is that strong bend- 
ing forces will be active with this fracture which must be neu- 
tralized exclusively by the nail, A short thick nail is not so 


Natling of the radius in a typical way, For the ulna a specia! 


suitable because it shows the tendency to wander out of the bor: 
because of the slight fricte« ee ie 

ien in the long fracture 

piece, Besides this the nail —— oe) 


end must be very broad (see Sr oe, 
page 19 ), a 


The fracture is well tlluetr, 65 
protected against all kinds of displacement, 


Additional bandage not recuired, 
Fxercise possible immediately, 
-E, COLLARBONE 


The indication for the nailing of the clavicle will be given 
only occasionally. In nearly all cases a purely functional treat .- 
ment will lead to a cuick and satis- 
factory healing, If the sure son does 
want to nail in spite of that it mvet 
be taken into consideration that ver~ 
few collarbones have a marrow cavit” 
big enough for the nail and that in 
cases it will be necessary to ‘rill 
heie into the: bone for the nail, «in 


Tllustr., 66 very few cxrses will the r-oosition be 
Marrow-Nail in the poeny bse without :n exposure of the 
r..cture site, 


collarbone 


, As a rule the nailing operation will be the easier the ear- 
' lier it takes place aftcr the accident. In any case a shortenirg 
of the muscles must be prevented, If this does occur it might be 
' impossible to obtain sufficicnt extension, in spite of the applic- 
ation of great force, to*permit the reduction of the bone ends, 
especially in a fracture of the femur, The reduction will be 
most successful within th- first few hours after the accident, 
There will then be no difficulties at all, If the operation must 
be postponed for a couple of days, a wire extension is to be re- 
commended for the thigh fracture. The traction apvaratus is in- 
sufficient and frequently causes ulcers by the pressure, This 
will happen very easily, because the most frecuent cause for a 
postponement of the nailing operation will be the shock effect 
upon the patient, The patient must not be nailed during shock, 
This corresponds to the general rules of surgery, of course, 

Even shortly after shock the patient must not be nailed, because 
the indication for the nailing is never urgent. As experience 

© has shown the dangor is very great even for some time after re- 

—® covery from shock, 
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¥ The ent-ring of small particles of fat into the lungs must 

" be expected (MAATZ), It is, however, so negligible that with 

" patients who are in good conditions of health, that it never 

" appears clinically after the nailing unless there are additional 
severe injuries, With endangered patients with multiple fractur: 
however, it may prove fatal, herefore, an acditional operative 
shock and an additional fat embolism must be prevented, If an un- 
usual bruising of fat-tissue of the thigh (kind of trauma, marked 
edema of all the soft parts with large contusions) is to be 
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supposed the patient must not be nialed even if he docs not show 
Signs of a fat embolism. During the nailing operation the tissu 
must be moved more or less violently and handled, By this a 
massive displacement of fit may ooeur. The insertion of the for- 
eign body into the marrow cavity wil’ probably be only of subor: 
dinate significance, 


The closed thigh fracture will therefore be treated tempora 
rily with a wire (skeletal) extension if the nailing cannot be 
performed on the day of the accident, 


The adjustment of the fracture ends thus being made easy 
the surgeon will save much time and trourle by this comvarat’vely 
small operation, while th- veriod of waiting is tolerated much 
better by the patient, 


If an old thigh fracture with considerable shortcnine must 
be operated, it will be indispensable to apvly first a wire 
extension, Fvwen if the fractures are many months old, and if the 
fracture ends stand far from rach other an adjustment of their 
lengths will be possible in a few days by the use of the skeletai 
traction apparatus, 


The leg, the forearm and the arm above the elbow may be con- 
served by applying the Kramer or Volkmann splint, An early 
nailing is recommended also for the leg. It will be casier to 
nail before a more marked swelling sets in, Blisters caused by 
the nailing will occur only seldom and the earlier the fracture 

is ideally reduced by nailing the less freouently will « necrosis 
by pressure oceur, 


The kind of narcosis to be used depends on the expected 
duration of the operation and the necessity of obtaining completo 
relagation of the muscles for the reduction of the fracture, In 
the thigh a neiling will be impossible without sufficient re- 
laxation of the muscles, For this purpos- th-~ svinal amesthesia 
will be very useful, Children, juveniles an? acults under 40 
years are to be treated with ether narcosis only vhen the s dinal 
anesthesia is considered to be an unnecessary cang-r to pati-nts 
of that age. In the leg, the forearm and arm a™ove the elbow 
Bvipanrausch (short "vipan anaesthesia) will usually suffice end it 
may be extended to an ether narcosis if necessary, Chilcron must 
be treated only with ether, As a return of the tonus of the 
muscles is to be desired (see after-treatment) the narcosis shoul. 
not last any longer nor should it be d-cper than necessary, All 
these considerations have to be taken into consideration, when 
the question has to be decided to what kind of narcosis shovld be 
applied, It wili, of course, be influenced largely by the cu- 
stom of the hospital concerned, 


So far only nailing of the forearm has been attempted under 
local anaesthesia, Infiltration at the place of the insertion 
Hof the nail and fracture site suffices, Our knowledge of the s: 
Sitiveness to pain of the marrow cavity is still rathor insvuffi- 
'cient, Some patients have no trovble at all, other complain about 
intense pain, 
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The proper arrangement of the patient should make possible 
a good extension, permit easy insertion of the nil and leave room 
enough for the Xeray and the repositioning apynaratus. Thus a free 
suSpension of the extremity concerned will be supcrrior to the 
position in extension splints, Hooks in the walls and ceiling and 
block-and-tackle are very useful, Too much attantion cannot be 
given to the proper arrangement of the patient in order to obrain 
a good extension, Before speaking of the different positions and 
the various devices and gadgets recuired for the several bones 61°’ 
fundamental techningue of the reduction of th- fracture must be 
cussed, A reduction by hand before the fluoroscopic screen may 3° 
possible in some cases. Put it cannot be a prolone-d procedure 
hecause injurious effects upon the hands would be inevitable, 
Apart from this there are cases which reruire a lateral force for 
the reduction of such strength as cannot be achieved by hand, 
Many difficultics will be encountered’? in maintaining the right 
position in the one plane during the radioscopy and reduction in 
the second plane if all this is done by hand, Therefore special 
tools are required, The simplest device of corrse are two straps 
which may be held in the appropriate position by one or more 
persons (traction and counter traction), In many cases tho sure 
~e@eon Will set along with this arrangement very w-ll, In orcer 1%) 
be successful in every cases better tools wil’? be reovuired, the 
above mentioned repositioning apparatus has »roved to be » *reat 
help. The handling of it is very simle, “ts ¢rosving hands sre 
practically lengthened arm of the individual cxr“ying out the 
reduction, “hen reduction is obtained in one plane the position 
may be held by a regulating screw while the fixation in the seconde 
plane is accomplished, The apvaratus does not vork with rough 
force but allows a skilful loosening of jammed fragments and 
free manipulation of the fragments in order to achieve the most 
favorable position for the reduction of the fracture, ‘tbs 
manipulation will be decribed in deteil under the heading "Tools" | 
This apparatus will be unsatisfactory only when sufficient ex- 
tension of the fr-cture cannot be achieved, and in cases where 
great force is recuired, 


In these cases or, if a repositioning apparatus is not 
available, a block-and tackle will be a verv preat help, A 
femur fracture near the knee-joint may recuire a strons lateral 
force to align short fragments. Often this force may be acrieved 
only by using a block-and-tackle. If a sufficient extension of 
the fractufe cannot be achieved the reduction of the fr-eture conds 
can sometimes be attained only by a strong bending at the fracte 
ure site on the principle described under osteotomy (Ill, 67) 


j The reduction of the fragments should 
/—f one not be undertaken until one is ready to in- 
IG a, Ca the guide bed or the nail into the distal 

f fragment, Thus an unnaeessary-vroloneed mani- 
Ns, ut. pulation of the soft parts is avoided, apart 

| \ from the fact that in some cases the inscrted 
nail may well serve as an aid for the reduction, 


—_—— 


\ A thigh fracture is to be operated with 
\ the patient lying on his side (I11, 6%), The 


patient must rest on the sound leg. The hips sre bent a little, 
This posture makes the extreme adduction of the thigh unnecess-ry. 
This arrange=- 
ment makes 

the nailing 
possible ev- 
en in abduc- 
tion. This 
will be of 
special sig- 
nificanee in 
the case of a 
stiffened hip- 
joint. The 
legs are 
spread, In 
this way it 
will be vosss 
ible to apply 
various forces, Tiiasiy. 68 

fe reduce. and : 

to X-ray comfortably, On almost every extension table one can 
improvise such an arr:ngement, The essential factor is that 
both legs are attached to the same extension bar, or , thet 

both extension bars may be moved to the same side of the table, 
It is recommended to construct a particularly broad pelvis 
supoort which allows a lat-ral posture of the pelvis, A stockin 
bandage stuffed with cotton-wool must be wrapped round the hip -. 
the injured thigh for counter-traction. 8¥y the intorposition c: 
Spring sales it must be fastened sideways on the upper end of t' 
table, In this way one can messure ap»rroximately the force of 
the traction produced at the fracture site, iith a correct pre- 
liminary treatment (éarly operation or previous putting of tho 
fracture in 2 wire extension) 60 kiloerims will seldom have to 
be exceeded, The traction itself is attached to the foot by a 
canvas anklet, 
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One of the X-ray tubes must be put between the legs and 
the other at the stretched side of the thigh so that the sur- 
feon may work near thebent side, 


The reduction is then done according to the technicue deseri 
at the beginning of this section at the very moment when tho> guid 
rod is to be inserted into the marrow cavity of the »edistal 
fragment, In special cases another techniaoue must be anvlicd, 
With fractures near the hip joint only once arm of the revosition- 
ing apparatus is used, t guides the long fracture vnirce whilst 
the short one is guided by “he surgeon with the inserted nail, 
With comminuted compound fractures the use of the revosition apo: 
ratus and block-and-tackle at the same time may be desirable ih 
order to provide sufficient control for the central fragment, 


In order to keep the leg accessible on all sides it should 
also rest on the extension table, The patient lies on his back, 
The injured leg is put into a leg support, The knee-joint is 
bent by about 45°, the leg is extended horizontally, The leg 
Supdort lies near the thigh with its longer section in order to 
keep the leg free. Counter traction is not recuircecd, The 
traction apparatus is attached to the leg with an':let made of 
canvas. 


The X-ray apvaratus as well as the revositioning apparatus 
may be readily used, The sound leg hangs down vertically, 


ode 


If a repositioning apparatus is not available or if the 
reduction requires stronger force (old fracture, application of 
a spread nail), a modified Boehler-extension apparatus may be 
used with excellent result. The apvaratus is supplemented = by 
some lengitudinal bars to which movable hooks are attached, 
Small anklets and block-and tackle allow an easy and secure ad- 

justment., They can be worked in four different planes (“ene- 
rally only two will be re-vired), To overcome a strong resist- 
ance which may be encountered with old fr.ctures this method is 
to be preferred to the use of the repositioning apvaratus, The 
use of the gluoroscope screen is somewhat cifficult,. A small 
screen is recuired, The reouirement is based upon the special 
situation in the leg nailinz, as dealt with in detail in the 
thapter "After-treatment", 


The_arm above the elbow also must be nailed with the pativn 
ina sup@ne position, The patient lies on a firmly fixed stre~ 
cher, the shoulder-joint of the injured arm touches the end of 
the stretcher. The traction ap :aratus is attached to a wristba... 
The arm is extended in the wlbow joint and stretched away. from 
the body at an angle of 45%. The counter traction apparatus is 
attached to the armpit on the same side by a broad padded linen 
strip. The belt runs across the breast and back in a directio~ 
opvosite to the pulling force, 


Generally the reduction will be made easy by using this 
apparatus. If the place of insertion of the nail and the fract: 
site are close togeth’r it is recommended that the arm be drarpe? 
aseptically, A smal’ hole in the cloth keeps the skin free at 
the operation site, The opcrating surgeon and his assistant 
work aseptically. Sometimes the reduction is done by hand, In 
that case the reduction may be facilitated effectively by some 
side traction apparatus, attached and tested previously. This 
procedure is described in detail for the forearm, because it is 
of greater importance for it. The asepsis of the assistant 
will be of great advantage in the nailing of the arm above the 
elbow, because the help of an assistant is needed especial'y for 
drilling a hole in the bone, 


The reduction of the forearm must be done with special 
care, since, owing to the lack of sufficient space a maximum uti- 
lization of the space available is recuired, Asgood facilitics 
as possible should be available for the application of the re- 
positioning apparatus, becaus-s the adjustment of the fracture en 


is, very difficult in many cases, 


The patient lies on his back on a firmly fixed stretcher, 
The arm above the elbow is extended at right angles to the body, 
The elbow foint is bent at right angle, The traction ap»raratus 
grips al’ the fingers by esn-called "devil-finger", The pulling 
force is distributed equally upon the fingers bv threading a 
cord to and from through small wheels at the rings attached to 
the devil fingers and the traction apvaratus., The block-and- 
tackle then attaches to the handle of the traction apvvaratus, 
The counter traction apparatus is attached to the arm above the 
elbow by a broad padced linen strip.and traction is exerted in 
the direction of the body axis towards the head, An acditional 
counter traction is applied to the foot of the op-osite side and 
anklet and traction is exerted in the direction of the body-axis 
_ towards the feet with a block-eand=-tackle in order to fix the body 
_ of the patient who will stretch when traction is applied at his 
_ hand, 
j 
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The block-and-tackle applied to the hand works rerallel to 
the body axis in the dir-etion of the feet, If the sO-called 
"Goose-neck" (X-ray apparatus ef Pohl) is not available, the ture 
of which can be inserted into a narrow space the arm must be 
moved around maintaining the 96° angle at the elbow joirt until 
there is sufficient space for a larger X-ray apparatus so as to 
make a horizontal radioscopy possible, 


He who forgets the counter traction at the foot will 
gradually drag the whole body of the natient across the taut 
counter traction apparatus at the olecranon and extension will 
be achieved only for a few seconds, 


The repositioning apparatus will be used with excellent re- 
sult in the case of a typical forearm nailing i.e., when the nail 
must be introduced percutaneously at the olecranon and at the 
styloid process radii and if the fracture lies in the central th? 
If the fracture lies near the elbow-joint or near the wrist it 
is recommended to use auxiliary straps which may be worked by 
hand, They are applied to the skin with the varrish "Mastisol" 
before the beginning of the operation, The forearm must be 
stretched well and securely in order to prevent a lateral dis- 
placement. Their suitable direction must be tested thoroughl:, 
They take ef*ect at the very moment the guiding rod is inserteu 
into the marrow cavity of the second fragment, The time expen: 
ed on the preparations will be saved during the operation, Ex- 
posure of the fracture site commonly to be observed ceccn te lis 
with the forearm may thus be prevented, An interposition of 
soft parts must no& be a justification, 


It may seem surprising that a whole section of this hook 
should be devoted to fluoroscopy. Observations mace both in 

our own and in other hospitals, however, have led to the cone 

| clusion that it is not suverfluous to do so. ‘Vhen the teennicue 
of the marrow nail operation is adopted by a hospital so many 
_demancs will be made on the attention and the energies of the 
staff by technical questions concerning the operation that gene- 
rally the fluoroscepy will be somewhat neglected, In cgompar- 
ing the different precautionary measures observed in the X-ray 
Stations with the met'rds adopted during the marrow nailing the 
latter wil’ seem vositively ruthless, This almost grotesaue 
difference can be explained only by the fact that people no 
longer realize sufficiently the injurious effect of radioscopy 
upon the body, 
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To the patient the danger is certainly not so great because 
the operation is a solitary event in his life, The operating 
surgeon, the assistant and the rest of the staff concerned, 
however, are exposed to a great risk nearly every day, just as 
with cases recuirin® radioscopy, 


But the patient ton may come to grief, In some difficult 
cases the reduction may recuire as long as two hours, especially 
if it is done by unskilled personvel, In many cases the patient 
will be exposed to the X-ray beams far too long. The tube is 
generally brought rather close to the limb in order to get a 
distinct picture on the screen, Thus the patient may often 

‘get an overdose so that the skin may be hurt. Therefore the 
‘Operating surgeon is urgently recuested not to overlook this fact 
because of the great technical difficulties involved in some cases, 


+ 
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Besides this we must not forget that there are some X-ray 
apparatuses with which the covering of the tube heats up after 
protracted use, and this may lead to thermic burns of the skin, 
The sound thigh especially is greatly endangered because it lies 
close to the tube during the fluoroscopy, An insulating layer, 
f. i. made of cellulos-~ may prevent this, 


The operating surgeon and his assistant are certainly en-= 
dangered much more, The war conditions will not allow for some 
time yet a joining of all tranSportable X-ray apnparatus with the 
fluoroscopye ser on or their brine furnished with the recuired 
protective screen (made of lead sulphide). Many beams will reach 
those persons near the observing doctor, Therefore it is auite 
wrong to use a screen as small and a&S light as possible for reasons 
of convenience, The larger screen will afford .a better protection, 
The situation is favorable, when the tube can be brought so close 
to the fracture site, or then the screen is so large that ho beams 
can pass its rims. Nevertheless, the number of secondary beams 
will remain alarmingly great, 


the following directions are to be given under the present 
circumstances: 


The time required for the fluoroscopy must be as short as 
possible, It would be advisable to instruct the technical assist- 
ant to flash up every view for one second only. For a skilled 
individual this time will suffice for his orientation, 


For this purpose, good adaptation is required, It is ad- 
visable to operate in dim white light or better even in red 
light. A411 manipulations of the operating surgeon are possible 
in dim light. 


Tube and screen must be brought so close togethrr, or the 
lizht should be turned off so much that the beams reach only the 
screen, If necessary a small diaphragm ma‘e of lead should be 
constructed, 


The creen must be carried with the hand well protscted by 
lead gloves, 


All persons working near th- patient shovld wear a lead 
apron, 


A transportable X-ray apparatus is absolutely recvired, It 
is still better to have two, because one may not work, If the 
surgeon does not want to expose the fracture it wil! often be 
necessary to interrupt the operation, The easiest way is to nail 
the leg without X-ray control. This should, however, be done 
only if absolutely necessary, nor will it always be successfull, 


Fspecially suitable are the so-called "Sehwanenhaelse" ( 
swants necks) furnished by the firm of Pohl, They are a small, 
efficient X-ray apparatus. Thanks to the small size of the tube 
and to three joints attached to the apvaratus, the tube may be 
inserted into very small spaces, no loss of space being caused 
‘by the support of the apparatus, 
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8,_ASEPSIS 


The asepsis may be endangered by the fact that one has to 
work in the dark during the fluoroscopy and above all by the smal’ 
Space at one's disposal, If the fracture is reduced by hand the 
assistant may work aseptically too, In that case the whole secticn 
of the limb must be wrapped up aseptically, The asevsis is con- 
Siderably endangered by the fluoroscope or the fluoroscopic screer, 
Therefore a elean separation of the space recuired by the operating 
surgeon and the reducing surzeon is desirable, This separation is 
absolutely necessary if th- reduction is not done by hand, The 
more exact it is the easier it will be for each to keep within 

his limits, ‘+herefore it is recommended to erect a separating 
"wall" (in the proper sense of the word) , The wire frame which 
is covered with a cloth has a separating wall 4 centimeters high 
near the aperture in the cloth, From outside the screen may be 

put against this little wall even in the dark, The 

cloth with the aperture and the wire frame must be pasted broadly 
over the trochanter with mastisol, The side on which the operatis: 
surgeon works must be screened off by a large cloth, During the 
fluoroscopy reovired for ascertaining the position of the euiding 
rod a small cloth which must be renewed each time must be put 

over the site of the operation, since the screen encroaches on th» 
space recuired by the eperating surgeon. This control will be 
recuired less often as the surgeon becomes more exverienced, He 
will then be able to "feel" his way into the marrow cavity, so 

that control of the position of the guiding rod within reach of 

the repositioning surgeon i.e, near the fracture site in the non-: 
aseptic area, is quite sufficient, 


Also in the case of thigh fractures near the body a separatio: 
of the operating surreon working aseptically and the surgeon who 
does the reducing and who works non-asentically is to be recommoeiic - 
ed. The latter has to direct only the fracture viece distant frun 
the body, whereas the surgeon doing the nailine directs the one 
near the body, 


The above described separation is easily achieved when the 
leg is concerned. The cloth-covered wire frame covers uv the 
bent knee-joint, 


In the arm above the elbow and the forearm one will prefer 

a complet- protective cover the closer the place of the insertion 

of the nail lies to the fracture site, The small space available 

makes a separation difficult, Wevertheless, it must be accomp- 

lished when using the revositi:ning apvaratus. See chapter " 
Proper position of the fracture ends", The traction straps des- 
cribed there must be fastened before the protective cover is 
attached and they must be tested as to their capacity, For the 
operation wound, slits in the cloth 1 - 2 centimeters long, will 

suffice, Here also the cloths must be pasted upon the skin near 
the aperture, The auxiliary traction straps must be covered up 
too, Their ends will of covrse project from the aseptic area, 
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thickness and shape of the bone as well as one the position and 
the kind of fracture, It must he emphasized once more that the 
success of the nailing operation depends on the nail being fixed 
_in the marrow cavity of the two fragments as firmly as possible, 
‘In using a thin nail the operation will be easy of course but 
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success is not certain, Therefore, the diameter of the mar: ow 
cavity shovld be ascertained accurately at its narrowest part, 
At a focal distance of 75 centimeters the av-rage recor? on the 
plate will amount to about 1 millimeter, It is also »ossible to 
hold the probably suitable nail beside the limb, when taking 
another X-ray so that it will be possible to take a comparative 
measurement, as the distorsion will be the same (EHRLICH), To 
use a "Metalltreppe" (a scale mace of metal) will be even better, 
because it is simpler, It is furnished with a strip of leather 
and a counterweight and is put on the fracture at the level of 
the bone, when the first X-ray is taken, The same record will 
be obtained when the central beam is put between the scale and 
the middle of the bone, Each grade of the scale is 2 millimeters 
long. The grades run in the direction of the axis of the extre- 
mity. In this way the bending out of line of the scale will 
not become a source of mistakes, So, even with the first, X-ray 
the width of the marrow cavity can be read, 


For the thigh it is preferable to us* a thinner nail, The 
marrow cavity which is largely of the same width affords a 
sufficient friction, With a nail which is too thick, however, 
the friction may become so strong that the nail jams, During 
every operation all the three different widths of the selected 
nail should be available (see insertion of the nail), 


For the leg it is recommended to us~ a nail as thick as 
possible, ere the marrow cavity is n:rrow only for a short 
distance, The nail may be driven in ‘ith sore foree because it 
will enter easily thanks to the elasticity of its cross section, 
So there is the advantage that the nail jams in the marrow cavity 
to as large an extent as possible, 


select a nail corresponding to the diametcr of the marrow cavi- 
ty since its lateral insertion is rather difficult in this case, 
If, however, the surgeon selocts a nail which is some millimetors 
thinner than the measured width the nailing will be successful 
and the two nails will provide a sufficient hold, If the fract- 
ure lies near the elbow joint the nail should be so thin that is 
certainly cannot jam in the tapering marrow cavity at the el- 
bow joint. For the stable osteosynthesis the jamming will not 
suffice anyhow, a plaster cast will be recuired and the jamming 
' to be feared would lead to a blocking caused by the nail. In 
such a case we have to sp-ak of a "bolting". 


For the forearm. in most cases a rather thin nail must 
be selected for a typical nailing operation, since ulna and 
radius have rather thin marrow cavities in their tapering parts, 
This disadvantage will be offset by the fact that long nails 

may jam at many points of the marrow cavity along the whole 
length of the bone, Short nail, however, inserted from the side 
and nearer: to the fracture site should and may be thicker, Their 
being inserted from the side will, however, make it impossible 

to utilize fully the thickness corresponding to the diameter o* 
the marrow cavity, The hold provided by such nails is not 
sufficient, Here, also we have to sv-ak of a "bolting", 


The length of the nail is of some importance only in con- 
nection with fractures near the joint, which are it t1> same 

' time distant from the place of insertion, In such a case one 
' must not miscalculate,. Fven one millimeter may be valvable or 


cause trouble, 


In case of all other fractures one should bear in mind 
that too deep an insertioh of the nail into the periphoral fract- 
ure piece can only be superfluous and will never cause trouble 
or be disadvantageous, The length may be measured best on the 
sound extremity, at the thigh from the end of the trochanter 
to the slit of the knee-joint. From the slit of the knee-joint 
upwards one has to subtract 3 centimeters, Aw the trochanter 
one must add 3 centimeters for the part of the nail sticking 
out so that the measured length corresponds to the allow-d length 
of the nail, . 


On the leg one measures from the dimple between the sinews 
of the extensor digitorum lonzus and the tibialis anterior muscle 
at the heigh of the ligamentum cruciatum curis to the middle of 
the tuberositas tibiae, Because the nail should *e at least 
always 1 centimeter distant from the joint plane of the foot, 
the measured distance corresvonds to the desired length of the 
nail. For the bending 1 centimetcr must be allowed, The leg 
nail should be as long as possible, 


Special attention must be given to the selection of the leg 
spread nail, “hat chiefly matters is that the inclined plancd 
the outer nail, which pushes the inner 
nail backwards should have the right «© ° ‘ +e jw 
position, If the inclined plane comes 
to lie in that part of the marrow cavi» Fe. 
ty which is too wide it will be in- 
effectual because the counter pressure ( 
of the bone will be lacking. The end 
of the inclined plane lies at the spot at which the marrow cavi- 
ty is just sufficiently wide for the two nails \e.), It will 
be advisable to measure it distally, i.e. fro the foot joint 
plane, Since the nail point should be 1 centimeter distant from 
this spot, that centimeter must he subtracted (f-1 centimeter 
- distance of the end of the inclined plane from the nail tip) 
(111,69) 


In the arm above the wlbow the distance from the intended 
insertion place to the usual insertion place near the elbow joint 
should be measured if the nail is introduced from above, as 

the marrow cavity ends there, If the head of the arm bone is 

to be taken hold of too, i.c., if the nail must be inserted in 
an upside-down direction, the measure shovld be applied at the 


corresponding spot. 
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ag possible if it is a case of a typical nailing. In this way 
the fractures. are best securcd, A wandering out of the nail, ob- 
served especially in the forcarm near the elbow joint as well 

as at the wrist, is mado impossible, For tho radius the nail 
must reach from the styloid process as far as 2 centimetcrs from 
the head of the radius, and in the ulna from the olecranon as 

far as 2 centimeters from the styloid proccss, 


mined and prescribed. Nevertheless, it is recommendoc to modi- 
fy that shape in special cases, In Northern Germany the strairht 
thigh nail is generally used, It is easy to insert in the 
slightly bowed bone, In other parts of Germany the bones are 
sometimes bent so much that the nail too has to be bent before 
its insertion. But one cannot depend on its following the shape 
of the bone, If the fracture site is near the great-r curvature 
of the bone there is the danger of a splitting of the bone, 
Fven though the splitting of a straight thigh bone by a jamming 
marrow nail is hardly nossible, a large piece of the cortex may 


easily be broken off of the greater curvature of a bowed Nene, 
if the nail is driven only against one side of the bone, 


In the leg the middle part of the nail 
should always be straight, in order to prevent 
a recurvation, It is recommended to give to 


nail, in order to achieve a better jamming, It 
Should be emphasized that the surgeon who is not 
yet fully skilled in this operation will do well 
to insert the double nails one at a time, Later, 
when greater skill has been acquired they can 
be driven in at the same time, 


The nail for the arm above the elbow too 
should be as straight as possible in its middle 
part. If a short fragment is entered for only 
a Short distance by the tip of the nail that 
tip should not be curved. Civ ae 
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With the forearm the nail 
fer the radius only should be 
bent somewhat at the head end, 
Thus no forces can act upon the 
wrist when the nail is once fix-j 
ed, In order to facilitate the 4 
insertion the nail should be 
bent only after about two thirds 
of it have entered the bone, 
Otherwise the nail remains 
straight. For the ulna a nail 
of a straight shape is always 
used, (I11, 72) 


For a fracture near the 
elbow-jeint a special nail is 
used, which is thicker than the other forearm 
nails and tapers at its end , This shape is 
required since the nail should be fixed very 
firmly a* the fracture site, At the same time it must be driven 
into the ulna so deep that it cannot work itself out of the bone, 
The nail end must be particularly broad so as to find sufficient 
hold in the spongy bone, A thin nail will cut the soft spongiosa 
(see chapter I), 


20. INSERTION OF THE GUIDE ROD 

In order to facilitate the introduction of the nail into 
the proximal marrow cavity a guide rod is used for the nailing 
of the femur and the ulna. At the same time this has the ad- 
vantage that the guide rod can easily be pushed forward at the 
moment of a successful reduction in order to maintain the re- 
quired position of the fragments, When the nail is driven in 
by blows with a hammer an unintentional displacement of the 
fragments may easily occur. Whereas a guide rod wpnonsly placed 
may easily be taken out againy the striking out of a nail may 
offer considerable difficulty especially in the thigh, Ina 
nailing of the ulna it wiil be a great advantage if the guide 
rod is inse ted into the distal marrow cavity a short way 2t the 
moment of a successful reduction, This technicue would be help- 
ful also in the radius. Here, however, it wil! be advisable 
not to use the guide rod, in order to avo d all the stress not 
absolutely recu*red which might cause a breaking of the bone 
at the bone at the styloid process near the wrist, 


the inner nail a stronger curve than to the outer 


Both guide rod and nail must have the necessary free play, 
Only suitable sized instruments may be used, If the guide rod 
is fixed too tight in the nail a jamming may occur the moment the 
nail is inserted, since the nail shows a tendency to adapt itself 
to the shape of the bone and must be free to bend more or less, 


For the insertion of the guide rod at the thigh the direction 
of the marrow cagity must be indicated on the lateral and posterior 
Sides of the thigh with a skin pencil, Those lines are determined 
during the horizontal and vertical radioscopy, To protect the 
hands from exposure to the X-ray beams during the radioscony it is 
recommended to use a long guide rod which must be brought into 
the direction of the marrow cavity. The lines will then be marted 
upon the skin accordingly, It is obvious that the direction of the 
marrow cavity of only the proximal fragment is important, The 
lines are extended preximally and distally for the entire length 
ef the thigh, If the radioscopie planes are correct both lines 
must mect near the trochanter and at the insertion spot of the 
guide rod, Nevertheless it will often occur that the point of 
intersection is farther in the dir-ction of the trunk, So it is 
of no value for detcrmining the spot for insertion of the cuide 
rod. It will be better to go by the palpation finding. The 
trochanter tip can be felt casily ewen with corpulent people, 

A stab incision 2 centimet°rs lonz is made slightly in the direet- 
ion of the head and mddially from.the tip. Then the guide rod is 
inserted into the trochanter, One may also drill a little hele 
into the bone with the awl, Aftor that the guide rod is pushed 
forward by hand, turning it slightly. In this way the guide red 
will not jam ts0 much in the trochanter, and it will be much 
easier for the surgeon to feel whether the guide enters into the 
marrow cavity, or whether it is in a wreng direction or not,. The 
direction lines of the marrow cavity indicate how the eguide rod 
is to be held, The upper part of the thigh being covered with 

sterile drapes adthemarcation being covered up also, the marcation 
lines should be extended onto the lower part of the thigh as 
described ahove, 


The guide rod must not be too sharp at its tip, Otherwise 
it may occur that it jams laterally in the corticalis. This 
fact must be taken into consideration especially with children's 
bones, 


After a short time the surgeon will set an excellent sense 
of whether the guide rod is in the right vosition or not, so 
that additional radioscopy is recuired only when the tip of the 
guide rod approaches the fracture site. If, however, the in- 
sertion should prove difficult, it will be better to desist from 
makine fnrther attemtps and to ascertain tho. right position psing 
the screen, In case it is faulty, it will be advisable to make 
another insertion, Otherwise the guide rod might slip sgain and 
again into its former position, There can »e no objection to push- 
Ning the cvide rod forward by slight hammer strokes, As soon as... 
the surgeon has a certain esperience the sound of the instruments, 
Nand the success of each stroke of the hammer will indicate to him 
whether he is making satisfactory progress or, net, 
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-. The insertion. of the guide.rod.may be. rather difficult.in 
the case of: a fracture very high.in.the upper; part..of the, bone, 
df, the short..frxgment: is..in, abduction,if will.in rare.cases be... 
necessary to.use a strong so-called,Schanz Dorn (a. pnick-punch. 
‘constructed: by Schanz), .If inserted percutaneously.and laterally 
anto the trochanter it.will. be a, convenient. handle until, the me 
guide rod,is introduced and the reduction is achieved, If the 
short fragment stonds in an adducted position this may lead to an 
increased adduction of the guide rod, The tip ef the guide rod 
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then shows a tendency to jam in the corticalis (outside), A 
vicious circle will be the consequence, The insertion of the euid> 
rod will, however, be considerably facilitated if a traction strap 
is attached to the short fragment before the operation, which by 
pulling in an outward direction will give a certain stability 

to the short fragment, 


It will not be difficult to introduce the nail into the 
distal fracture piece after a successful reduction, In the ulna 
the guide rod is inserted through an incision in the skin $ centi- 
meter long, at that point of the olecranon wh-re the extended marry: 
cavity of the bone is supposed to be. There the gude rod must 
be drilled in or driven in, This spot can easily be determined 
by touch, for, the center of the bone can be felt distinctly, 
Aporopriate X-rczy control in both planes will be a good protection 
against any mistake, 


11, THE INSERTION OF THE NAIL 


By way of introduction something shall be said ahout the tcch- 
nique of nailing, Generally the surgeon wi'l be inclined to 
introduce the hail with many light careful strokes of a hammer, 
It is better, however, to insert the nail with some powerful 
strokes driving the nail well home; Thus the bone is not shaken 
so much, A continuous striking upon the bon- will often lend to 
an infiltretion of fat into the blood vessels (LARSEN), Besides 
that the striking in of nails in a workmanlike way is less tediov: 
and much more elegant. 


It is not at all difficult to insert the nail into the 
thigh, as soon as the selection of the nail and the position of 
the guide edd are correct, It does not make any difference, 
whether the guide rod is inserted first into the two fragments 
or into the proximal fragment after the distal fragment has been 
pierced slightly by the guide rod, The latter method is prefer- 
able only when the fracture-piece near the body is short so that 
it must be guided with the nail during the reduction, 


The nail being elastic and flexible on all sides it is of 

ne importance at all to which side its open part is directed, [r- 
resistance is fairly strong, while it is in- 
serted into the trochanter, As soon as it has 
entered the marrow cavity in the right way it 
will penetrate about 2 - 3 centimeters with 
each stroke of a hammer weighing about % kilo- : 
grams, A splitting of the bone is not to be . 4 
feared, more likely it will get stuck in the j 


marrow cavity. One must, however, see to it ) 
carefully that the nail is not driven in sub- : 
trochanterally through the compacta, This 
may kappen when the guide rod driven in by 
hammer strokes first pierces the compacta 
and reaches the marrow cavity only after- 
| wards, In such a case there is danger of 
splitting the bone (Ill, 72), 
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Since the degree of friction between 
the nail and the bone depends largely on the 
small ridges in the marrow cavity, it may 
happen again and again that the thickness of the selected nail 
proves to be unsuitable. If the nail tends to get stuck or if 
it has not sufficient friction it is preferable to take it out 
again and to replace it by another nail. The trick is to find 
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out in time, when the nail first shows a tendency to jar, i.e. 
when it can still be struck out without difficulty. No doubt 
this is somewhat risky especially for the beginner. He cannot 
be careful enough. Therefore it is recommended that the begin- 
ner should use a comparatively light hamrer, a hammer of half 
the weight of the normal hammer, The danger that the energy 0° 
the hammer will not be sufficient is very slight, 1 
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If the head end of the nail is flush with the | 
end of the guide rod so that the removal of the 
guide rod is not »ossible the nail set I for the th 
thigh nail should be used, (111, 73). | 


The guide rod may be removed as soon as the iV 
nail has penetrated into the distal fragment for ae * 
i We. 4 

i 
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some centimeters, The extension is relaxed or 
taken off altogether so that the fracture vrieces i 


Stand firmly one upon the other. The chief = 
thing is to eliminate any possible faulty rota# i 
tion and to insert the nail definitively strong- BB 


ly pressing the distal section of the limb 
against it, It should stick out of the bone 3 centimet-rs in the 
case of an adult and 1 - 2 centimeters with children according tt: 
their ages. It is very easy to maintain the right distance with 


the nail set II for the thigh nail, 


The leg nail is inserted into the marrow cavity in front at 
the tuberositas tibiae, The tuberositas must be exposed by a 
medical or lateral incision, The loose skin is to be turned 
back and held with a towel clip, The incision should be made 
in such a way that the lower angle of the wound corresponds to 
the point of inseftion snot 
on the bone, In this way 
any unnecessary injury to 
the wound edges near the 
knee by the nail or the 
guide rod which are insert- 
ed obliquely is avoided, The 
awl is applicd at the level 
of the tuberosity and in the 
middle of it, in a more or les 
vertical direction, As the 
awl penetrates decper into the 
soft bone the handle should bz 
lowered, The bayonet-shaped 
awl allows a rather tangential insertion (Ill. 74), In this way 
the insertion of the nail is considerably facilitated, Fven 
with the first strokes the head end*of the nail should ‘be lowered 
as much a8 possibl3 in order to facilit- “easy idine a 2 
the nail ete inner back wall of eigenen te ee Sate "7 
should point towrrd the second toe, A well skilled surseon will 
easily find out whether the nail is in the right or vrone positio: 
by the resistaunce encountered in the cavity. ‘If the Xeray control 


shows th.t the nail-is following aleng the back wall.. 
X-ray in the second plane will be Sipeet Liswine . Ww , & further 


ILL.44 


Since the double nail is not uniformly curv-d, its bending 
radius being mmallerat the ends and the central part nearly 
Straight, the inner and the outer nail must be insorted at the 
same time. O6therwise A very disagreeable jammin= may occur, The 
insertion is zreatly facilitatcd by the nail set, which transmits 
the force of the hammer-strokes in the direction of the central 
Bert of the nail, (I11. %) 
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4.5 After the nail has pene- 
(i trated into the distal marrow 
sg TRAY fee a8 cavity one must try to achieve 
Pees wt ik as ideal a reduction as poss- 
ee ia ei ible, which is important for 
ee E the leg especially with regard 
to any lateral displacement. At 
‘ the same time the extention is 
ae be relaxed a little and the fract- 


ure fragments are pressed strong- 
ly together, 


The insertion of a spread nail may be difficult, especially 
if the spread nail with an inclined plane is used, and in cases 
where the second nail, i.e. the inner nail tends to break out 
laterally through the fracture site, Therefore it wil! be advis- 
to insert completely the outer nail which bears the inclined 
plane first. A good protection against a later further pene- 
tration of this nail into the marrow cavity is the wire counter 
traction with attached 
weight, A dislocation 
of th- fracture with 
traction and counter 
traction may then be 
teouired (modified 
Boehler-apparatus with a 
block-and=tackle), in Z 
order to facilitate 
the insertion of the 
inner nail into the distal marrow cavity (Ill, 76), Should the 
outer nail penetrates too deep which will definitely occur if the 
inclined plane lies to far proximally - in that case a piece of 
the wire counter traction will have to be left deep in the wound 
as a loop in order to facilitate the later extracti n of the 
nail, If the plane of the spread is intended to lie in the fron- 
tal plane the nails must not 
be inserted in the middle of 
the tuberosity but rather by 
the side of it., and.it will 
then be no difficulty at ali 
in putting the bending plane 
of the nails and as well as 
the spread plane in such a 
way as seems to be most suit- 
able fer the shape of the 
fracture (I1l, 7%) 


When the turne-spread 
nail is used the inner nail 
must be introduced complete- 
ly first, and in the begin- 
ning in such a position that 
its distal part is concave 
shaped to the front. As 
soon as the voint of the nail 
lies in the wider section of 
the lewer marrow cavity the 
nail is turned round 180° 
using a screw driver, This 
turning must be made before 
the point of the nail has penetrated into the spongiosa of the 
distal bone section, During the insertion of the outer nail the 
completely inserted nail is then protected against further pene- 
tratien by a holdfast wire or cross-pin which is inserted into an 


an oblique hole ae 
at the nail head 
provided for this 
purpose and which 
finds a firm hold 

on the tuberositas, 
If, however, the 
outer nail should 
show a tendency to Tilustr, 7&8 

werk its'way out 

of the fracture-slit in front, suitable dislocation must be made 
during its insertion into the marrow 
cavity (Ill. 78), 


In the arm above the elbow the 
nail may be introduced at twe places 
i,e, near the elbow joint, cr near the 
shoulder joint. Both places are easy 
of access and the choice will depend 
on the site ef the fracture. Twocon- 
siderations are decisive: In the firs? 
place the nail is te find a firmer hoc 
in the short fragment by penetrating 
the corticalis laterally, In the 
second place an exposure of the frac*:: 
ure hematoma shovrld be avoided, Thke. 
fere a very short fragment should nov 
be nailed from the side of the hema- 
toma etherwise the fracture site woul¢ 
be exposed, Fractures in the second 
and fourth. section of the bone shoudd 
be nailed from above, all the other ~ 
fractures from below (I1l, 79). 
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The upper insertion point must be exposed by an incision 
centimeters over the deltoid muscle, The muscle must be split 
lengitudinally with a crown-gimlet and a hole must be drilled from 
the side into the corticalis, so that the marrow cavity is opened 
up. Then the two nails can be inserted obliouely, They .should 
project out of the bone for 14 centimeter, 


If the nail is inserted “rom below the drill hele is situate: 
) about 2 centimeters above the fossa elecrani, Here the marrow 
cavity may be so flat that an extension of the drill hole upwards 
may be recuired, At that spot the nail should project out of the 
bone for about one centimeter, 


If the nail inserted from above is too long it must under no 
circumstances be inserted too deep, Otherwise it would jam in 
the marrow cavity near the elbow, It wovld thus push the second 
fragment aleng tefore it and might cause a gap, If in such a case 
the nail head end should stick out of the bone too far the nail 
must be ehanged., In order mttolocthe reduction a thin guide rel 
must be inserted before the nail is r-moved ( if need be a Kirsch- 
ner - wire may be used), 


A special description of the nailing of the ulna is not need- 
ed, The straight nail may be inserted with the help of a thin 
guide red, 


At the radius the insertion voint for the nail lies between 
the sinews of the extensor poll. longus and brevis, Over the 
micdle of the styloid process radii a stab incision 5 centimetors 
long must be made and a tiny hole must be drilied oblicuely into 
the marrow canal with the awl. X-ray control while the awl is 
put te the bone will ensure the finding of the right spot, The 


= 530 


nail is always inserted with a slight pressure of the finrer away 
from the wrist, The nail head end is bent »-fore its final insertic 
(see shape of the nail longitudinal profile), The cutaneous wound 
is closed with a stitch-suture, 


Only a few words need be said about the aftertreatment of a 
successful nailing, If the vossibility of a displacement of the 
fracture ends is out of the ouestion the moment of the first move- 
ment of the limbs and the time for the first weight bearing depend. 
en the general condition of the patient and the extent of the vor; 
painful bruising of the soft parts. Fffusions of blood into the 
adjacent joints which used to occur much less frequently when the 
old methods were ih vogue, and which are only partly caused by the 
forcible extension during the operation may demand a long confine- 
ment to bed, When making uv a list of a number of cass one is 
Surprised to find how few patients with thigh fractur~s can or may 
get up within the first week after the nailing. The number of 
attendant -njuries among which concussion of the brain or skull 
fractures are particularly freouent, is astonishingly <zr-at, 


Though experience has shown that the aftertreatment does not 
give much trouble either to the surgeon or to th> nursins personne! 
the vigilance of the surgeon must be all the creater, In case 
of insufficient care the number of persons discharved too early 
only to return to the hospital after few weeks with unexvected 
dislecations will not be small, Malpositions must be detected at a 
time when they may be cerrected during the "Rausch" (anaesthesia) 
in order to pr-vent a later osteotomy, 


The aftertreatment begins aft-r the wound kas heen closed i,e. 
while the patient is still under the anaesthetic, 


i = With nails less difficult to bend (leg and forearm) the 
proper shape of the nail must be verified using the fluoroscopis 
screen, The leg nails in particular may recuire some correction 
as they very often get bent in the form of a recurvation of the le: 
during the insertion, : . 


a« The possibilities of a displacement of the fracture ends 
must be examined as soon as the nail has been inserted, If a bend- 
ing of the axis is still possible, an additional plaster cast is 
urgently recuired, ‘+f rotation is possible, an additional plaster 
cast must be applied if the shape of the fracture makes is »rob- 
able that even aftcr the r-turn of the muscle tonus the principle 
of the Hirth teeth is out of the ouestion. If a fixation by the 
Hirth teeth may be expected a splint which will prevent a tipping 
over of the limb until the end of the narcosis will suffice, ~ The 
examination to be made the following day is decisive for the fur- 
ther kind of treatment. In this cennection it may be pnoint-d out 
that, while a large log cannot be dragged with a jerk cuickly throw: 
viscous mud, this will be easily done with little ernenditure of 
force, if one only has sufficient patience, The friction detveen 
the nail and the bone shaft may be strong enorgh to prevent a 
ovuick rotary movement of the unstable foot anc stil’ not be stron: 
enough to withstand the constant though small force of the twisted 
foet, 


2« After any smoothening off of the sharp-edged fracture 
ends the effect of the Hirth-teeth must be disregarded, 


win 


he After the lapse of a couple of weeks the nail will get 
leosé-in the marrew cavity.. If conditions are favorable the 
fracture ends may slip lengitudinally on the nail without any 
great danger of rotation. Nevertheless the possibility of an 
retation displacement rust be taken into consideration, 


To avoid unneeeSsary repetition details about the data of 
the aftertreatment will be given in the chapter on "Indications" 
for the same factors which make a fracture more or less suitable 
for the marrow nailing determine the kind of aftertreatment, 


By way of general dir«ctions it must be mentioned that activ< 
and painless exercises will create the best conditions for the 
healing of the fracture and the conservation of the strength of 
the limb. Baths and heat cradles should be freouently used, 


Complications during the healing of the wound must be de- 
tected early. It would be wrong to delay if a supruration of the 
insertion spot is suspected. A prophylactical’y opened wound 
wil! heal cuickly, while a wound epened too late mav cause in- 
flammation of the fracture hematona if the fractur~ lies near the 
nail ins-rtion spot, A slow spread of the inflammation along the 
nail is not to be feared if the wound is opened early enough, 


The time recuired for treatment in the hospitsl devends on 
many external factors, Surgeons not yet fully acauainted with 
the new method are urged to leave the patient in the hospital ag 
long as vossible, 


The duration of the patient's stay at the hospital depends 
on many external facters, It is very important what profession 
the patient has and what attitude he takes, An office clerk 
fii. with a well treated thich fracture may easily go to his 
office at hiw own reouest aftcr a fortnight. A workman, howev i. 
will net be able to go te work arain befor~ the lapse of 6-8 
weeks even under the most favorable conditions, Of course the 
Clinical finding still will be decisive, It is the responsibili: 
of the surgeon to suggest to the patient the right attitude of 
mind towards his disease with regard to the new treatment of 
fractures and the shorter duration of the disease, The surveon 
as well as the patient must get used also to the mutch lower rats. 
of sickness-beonefits paid in favorable cases, 


Special attention must be raid to the pregress of an "asepti. 
inflameation of the frae*ture, until sufficient experience has 
been gained (Sudeck), Fven when the nailing was successful 
a dystrophic phas- may duvelep (painful swelling, heat, cyanosis, 
perspiring skin}, * Farly weight bocring seems to bring on these 
conplieationse,” The best treatment for these are rest and the he-* 
cradl6é, 


In general a nail should be remeved after the lapse of three 
months since a firm bony consolidation of the fracture must be 
expected by that time, 


An earlier removal may be advisable, Reasons for this are: 


vo The fragments hav- become displaced and the nail hind- 
ers a new and exact reposition (angulation or rotation), 
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au The nail wanders and endagers neighbouring joints or 
the soft parts covering the nail head end, 


3% The nail is bent, 
4. The nail is broken, 
$. “ith children to attain a qu. cker healing of the fract- 


ure, Suppuration near the insertion spot or fracture site, how- 
ever, (osteotomy, complicated fracture) are not indications for 

@ removal of the nail, In th-= case of a fistula at the nail ine 
sertion spot the extraction is even undesirable, It will be ad- 
visable to wait as long as possible in general since such fistules 
will eventually cisappear, whereas an early extraction may lead 

to a late suppuration near the fracture site, Obviously, the 
suppuration will spread along the marrow cavity much more easily 
when the nail has been extracted, 


The nail must lie in the bone for more than three ronths if 
it is suspected or certain that the fracture has not yet healcd 
properly. 


A late consolidation may be caused by; 
ie Infection, 
Qe Distraction of the fragments due to jamming of the nail 


Insufficient mechanical stabilization of the fracture 
hy the nail, 


As All the other factors which may lead to a delayed for- 
mation of callus (Diabetes, Lues and so on). They ar-> general). 
known from the science of fracture treatment and need not be 
repeated hrre. 


oe With an ost-otomy performed because of a faulty posit... 
after breaking the bone it may be advisable to leave the nail 
in for a longor term than three months since the normal balance 
of the muscles is reestablished only slowly, Besides this ostco- 
tomy wounds achieve a alower bony he-sling then recent fractures 
nailed pcrcutaneously, 


The adecuate bony healing of the fracture is ascertained by 
X-ray control. The nail may be extracted as soon as the fracture 
fissure is bridged over the bone suf"iciently and as soon as tho 
Callus siows a satisfactory formation of the little streaks, 


If this cannot be ascertained beyond doubt the nail should 
be Left in ths bone for cven’ though with some fractures the fract- 
ure fissure is to be recognized cuite distinctly anc though it 
be firm fror the clinical point of view and suitahle for weirht 
bearing, this cannot be ascertained beyonce doubt as long as the 
pepe te 26 tne fone, therefore 1G is better to leave it in, Nail. 
inserted two years previously hav- not caused any vnarticular harm 
to the patients concerned, Fv-n thourch the 4-ray picture shovs 2 
Vigorous formation of callus at the fracture site, it vill not 
advisahle to remove the nail while the design of the cal'’us is 
soft and cloudy. Callus which apvears soft and cloudy in the 
Xeray is often soft and flexible so that an angulation may occur 


after the extraction of the nail, 
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Fven though a newly ins-rted nail may be extremely difficult 
to extract, nails inserted a couple of weeks or even months before, 
are gencrally easy to remove, Loose nails may be extracted unde. 


Gib 


lecal anaesthesia (arm above the elbow and forearm) while firm- 
ly fixed nails should be removed under Fvipan-anaesthesia, 


For the thigh the patient must be operated while lying on 
his side; It may be difficult to find the nail hole if the nail 
head is tovered by a callus cap, The "Siemens" metal=finder by 
KUENTSCHER is very useful for a cuick orientation, If the nail 
sticks firmly and if the surgeon intends to manage without a large 
incision of the skin it will be better to,use’'& hammer for ree 
meving the nail, With its help dvery nail will be easily removed, 
If spread nails with an inclined,;plane have been used the inner 
nail must alwayd be removed fitst. If the turn spread nail has 
been uséd the outer one first, since rotation of the inncr nail 
ray be impossible because of tHe marrow callus, The nail which 
is deformed may reouire considerable force for its removal, 


A broken thigh nail must be removed as soon as possible 
after this accident has occurred, The vaticnt will soon go to 
sce his doctor, because of the pain at the old fractures site, 
Frequently an angulation of the thigh will occur. The fracture 
site is not yet firm, otherwise the nail would not have broken, 
The vreak in the nail is not always situated near the fracture 
site of the bone, The proximal part of the nail is r-moved firs?, 
then the nail catcher (see teols) is introduced and as soon as 
it has "caught" the remaining piece the nail must be extracted or 
hammered out, A bending at the fracture site must first be ad- 
justed. The insertion of a fresh nail will not give any trouble, 


The finding of the nail head in the leg may be difficult, 
if it has worked itself deep into the bone, which will happen 
frequently, H-ere also the "Siemens" metal-findecr will prove very 
useful, If it is not available it will be advisa le to ins-rt a 
small pin before the screen or to make a small Keray picturc 
(a-p) with the pin in the richt position for the nail head must 
be sought for beneath the patellar tendon, Sometimes it is 
perfectly amazing how many centimetcrs th-~ nail is to be found 
distant from th- place whsre ‘t was supros-d to be cither latcrally 
or medially, By the described procedure unnecessary injurics to 
the patellar tendon are avoided and the associat-d continuous 
irritation of the wound, which will occur frequently if the cxtrre 
jon of the nal in the leg is not done carefully, “hen using 
2 spread nail with inclined plane it must be borne’ in mind that 
the nails must be removed one after the other and that the one 
with an inclined plane can be removed only after the other nail 
has been extracted, 


A broken aadd in the leg must also be removed as quickly as 
possible and must be replaced by a new nail with the same diametor, 
In Order to avoid disturbances at the fracture sits the surgeon 
may desi@® from an exposure and extract the distal piece of the 
mail first -ith the nail tip. The nail tip is exposed at the ex- 
tensor side of the tibia, then a hole must be drilled into it and 
it must be extracted in an oblicue plane, This is ma’e possible 
by the elasticity of the nail, 


In the arm above the elbow there ar~ no difficulties to be 
encountcred either in finding the nail or in extracting it, In 
general it can be removed with a hook, An exact X-ray location 
of the nail head end is recommended if the nail has wandered and 
has completely ent-red the marrow cavity, and if the metal finder 


is not available, If this is the case the rarrow cavity must be 


extracted on an inclined plane, As regards the forearm only the 
removal of the radius nail at the ulna which was inserted at the 
styloid process must be specially men‘i oned, since during its 
insertion as well as during its removal an injury to the wrist 
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must be avoided in any case. Fvéry movement with the lever must 

be executed in such a way that the bone is’ not vushed towards 

the wrist and gets broken, This can be achieved with some care, 
It must be taken for granted, however, that the nail was correct- 
ly formed before its insertion during the first operation, sothat ir 
does not show any tendency to wandcr into the bone. The radius 
nail as well as the ulna nail cat.be extracted easily with the 
hand after the first lo»sening strokes, 


Breakine of nails was obsetved also with ulna fractures 
hear the elbow joint. This facet proves how strong the forces 
are which act at that spot, Since there is a straight nail in 
question the distal nail fragment may be taken eut with the smal” 
nail catcher (sce tools), 
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The advantages of marrow nailing are the same both for clos-:i 
fractures and for those which a »nrimary healing of complicatec 
wounds. Probably primary healing wil’. occur ruch more frecuent- 
ly with the new method than with the old ones, since bony wounds 
and thos- in the soft parts arevimmobilized *ettor by the nail 
than b° any other method, 


The new method shows the following creat advan aves in the 
case of a suppnuration in tho front of the fracture site : 


i> The fracture has been ideaDyfixed., <A spreading of the 
suppuration of the soft parts to the vone is not easily possibl. 
If the bone wound is affected by the inflammation the suppurati © 
will proceed more favorably by reason of the fixation, 


os me The extremity is easy of access on all sides, So it 
can be watched every day and incisions recuired can be made 
early. 


Disadvantages of the method are: 


a Suppuration may proceed along the nail, In this case 
it is restricted to the marrow cavity and does not affect the ben> 
tissue (A, W, FISCHER and REICH). Fven after the lapse of weeks 
such an inflammation at the insertion site of the nail may lead 
to the formation of an abscess under the primarily healed operatic: 
wound, Aftcr the opening of the abscess the nail acts as a drain 
for the often very active discharge of pus. 


2. At the fracture ends crown-seauestrum or ring seauest- 
rum may develop, 


The sequestra are covered by enveloping callus which must 
be removed after the fixation of the fracture, For the nailing 
of the marrow cavity of compound fraetures the following Cirect- 
ions may be given (MAATZ and RFIGH): 


The nailing operation shovld be done as soon as possible, 
A limit of hours cannot be fixed but during the course of an in- 
fection a nailing must not be performed, 


After the subsidence of the initial violent inflamration 
ther-> comes another moment favorable for the nailing, Aftor hav- 
ing attained 2 sufficient immunization fren the germs in question 
and after the supouration has reached the so-called “cold stage" 
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the body appears to be able to endure a surgical intervention 
without any injurious conseauences (see gunshot fractures), 


Additional injuries to the complicated wounds in the soft 
parts should be avoided in the nailing. Therefore a technicue 
Similar to percutansous nailing is to be recommended, The guide 
rod should not be inserted in an upward direction as in the case 
of an osteotomy. Fven if th-re ‘s no X-ray apparatus available 
the guide rod can be inserted precutaneously after the surgeon 
has geome experience, The r°-duction and the insertion of the 
nail into the distal marrow cavity can be control'ed by the eye, 
In the case of small wounds too this should be done before the 
fluoroscopic screen in orcer to avoid opening of these wounds 
further, 


If possible complicated wounds should be treated after the 
rules for the primary excision of wounds with subsecuent suture, 
If the wound is very dirty and if it is imvossible to oxcise it 
with subsecuent suture a debridément must be performed, i. ec. 
the worst dirt and crushed tissue must be reroved and then the 
wound must be left wide open and covered loosely with gauze, In t 
the case of a formaticn of pockets a saucerization of the wound 
is to be recommended, in order to prevent a damming of the secret- 
ion. Apposition-sutures are to be rejected. By doing so the 
wound will be cleaned in the ouickest way and secondary healing 
will be achieved. The latter can be accelerated by later "appo« 
sition-sutures", Thus a progressive downward extension of the 
inf*ammation is prevented, 


The advantage of the accessibility of the limb must be ful- 
ly utilized in the course of the furth-r treatment of the wound 
and one shovld adhere to the principle that by leaving the wound 
open the discharge of the seceretion should be secured early, 


An additional cast shovld be avoided if possible, This, 
how-ver, will result in a narrowing of the indications, The 
advantages of the treatment of complicated fractures with the 
marrew nail depends on the complete sta>vilization of the fragments 
and the accessibility of the extremity. If an additional cast 
seems to be required prior to the nailing there is no indication 


for the nailing operation. The success of the nailing of an 


en fracture de ends essentailly on whether it will be 


Tn genoral the extremity must be fixed on a splint, as it 
is the rule with inflammation process7s of the soft parts, In 
this way a changing of the bandage is easily secured, 


The nail should be kept in its position as long as iossible, 
d,e. untti a bony healing is achieved, [Fven a very violent 
supouration which seems to be caused by the presence of the nail 
should not be a reason for a premature removal of the mail, at 
least never during the first eight to ten weeks, Fven though 
V2A er V4A steel is the least irritant metal to the human body, 
known so far, the body will cover it with a connective tissue 
membrane and will try to eject it by suppuration after an in- 
tection has occurred, The advantages of nailing are still so 
great, that an increase of the suppuration can certainly be risk- 
ed, The formation of callus is certainly not delayed by the 
nail. Nevertheless, suppurating fractures with an insertod 
nail will frequently not show the formation of any callus for 
ronths,. In such cases it is not the nail which is responsible for 
it but the supouration, It is always wrong to extract the nail 
as long as a displacement of the fracture may stil! occur. fhis 
may hap-en even after th lapse of some months, If a fracture 
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is well protected agsinst lateral displacement either by cica- 
trization or cal’us, a remavil of the nail may be allowed if a 
particularly violent suppuration is to be stopped, The securing 
of the fractvre against angulation must be achieved by an addit- 
ional cast. Our aim must, however, always remain the bony h-al- 
ing with the inserted nail, Sometimes it will be import-nt not 
to los~ prticnce and never to forget thit complicated fractures 
will sometimes supourate for months even without a nail and may 
not Show a tendency to form any callus at all, The most favor- 
able conditions sre still achieved by the nail, 
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Any comparison with open fractures must be avoided, Where- 
as a wound excision and suture may freauently be mace with these, 
it is not permissible with open fractures, 


Owing to the peculiarity of the situation some eoneral rules 
shorld be considered: 


The nailing operation shovld bo performed as soon as possi . 
One is, however, not limited to certain hours, A svecessful 
operation may be performed at any time (KUSNTSCHER), Pati-rnts 
with violent sup uration and high fever will recover s%onishingl» 
quickly after the fixation by the nail (KUMNTSCHER), Not only 
a careful operation but also a wide opening of all the wounds 
is necessary, The insertion spot must be lurger than usual and 
must not be closed by sutures but must ne looscly covered with 
gauze, Adeauate drainage must be secured by sufficient counter- 
incisions, The use of a wound spreader may perhaps be necessary, 


In the case of gunshot wounds causing bone defects a metal 
spreader should be inserted into the nail slit in such a way 
that the bone ends arr at the desired distance from cach other 
(KUENTSCHFR), The spreader s-rves at the same time to keep the 
wound open, 


The insertion of the guide rod from the fracture site is 
to be avoided because an unnecessary spreading of germs is to 
be feared an experienced surgeon will easily find the marrow 
cavity from the trochanter even without X-ray control, Inex- 
perienced surgeons shovld not nail gunshot fractures at all, 
Reduction before th- fluoroscopic screen is not acvisabl>, since 
any maltreatment of the tissus must be avoided, It will be bettor 
to widen the wound by a straight incision as exnlzained bofore, 
in order to be able to control the infection. 


With gunshot fractures just as with onen infeeted fracturos 
a favorable course of the inflammation and an uncisturbded for- 
mation of callus are to be expected only aftr a stabile ostco- 
synthesis. 


After the cleaning of the wound the healing may be accelcrat- 
ed by secondary sutures or by drawing it together with adhesive 
plaster, 
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2G4_NATLING WITH DF LAYPD FORMATION OF CALLUS 


In the case of a delayed formation of callus the noiling 
is "causal therapeutics" because the slow stabilization of the 
fracture is in most cases due to mechanical conditions, The 
nail count«racts the dangerous forces causing lateral displace- 
ment and favors the pressing forees which are so beneficial to 
a bony healing. 


A delayed formation of callus will very seldom result in 
a formation of false joints (BLOCK), It never does so if the 
fracture site gets favorable mechanical conditions, That is why 
the technioue of nailing with delayed formation of callus differs 
fundamentally from the procedure in the case of a formation of 
false joints, It is not necessary to create a new situation faver 
able to the formation of callus or to break the bones azain, to 
freshen the fragments or to treat them by the so-called "Kirsch- 
ner splitting open", Beck's drilling or "Brandischer's sawing 
Open". tne insertion of the nail and the stabilization of tho 
fragments by way of the marrow cavity will be sufficient, If 
the fragments are in good position i.e, if the marrow cavitics 
of the two bone fragments ar2 in.a good direction the fractrvre 
site must not be exposed and percuntaneous nailinzg should be 
tried, Otherwise the danger of an infeetion would be consiccr- 
ably increascd, An infection is to be feared especially in thos: 
cases of compound fracture, which for some reason or other were 
not nailed primarily which, however, aftcr the soft tissue heal- 
ing still should be nailed, 


In general the technioue of th- nailing docs not differ muc: 
from the usual procedure. The reduction of the frapments may, 
however, reouire special measures, if the openings of tho mare. 
row cavitics are not sufficiently prot-ceted, The required dis 
placement will then not be possible cither manually or with the 
repositioning apparatus. Good results were achieved with the 
extension apoaratus by Boehlor which was modified by FISCHER~ 
MAATZ, If those forces do not suffice the osteoclast may be 
of great help. The pains taken will not be wasted if an exposure 
of the fractur> can be avoided, Nevertheless this will not bo 
aviodable in every case, 


A sharpening of the nail tip has not answered the purpose , 
A blunt nail will penetrate the young bone and tissue scar at 
the fracture sits without difficulty and will ent -r into the 
distal marrow cavity mush nore easily than a sharp nail, A 
sharp nail will injure the compacta and penctrate it. It has 
proved to be very serviceable to fix some sawteet> immediatcly 
below the nail tip (see tools), 


oe 1tne nail ia in good position and if it provides svifi« 
cient hold to the fragments the patient should exvose the fract- 
ure to weight bearing as soon 2s possible beeaus? weight bear- 
ing is the best therapeutics for a delayed formation of callus, 


In the leg a resection of the fibula is to be considered 
in order to remove its jamming effect (distraction), 


‘ate 


AZ. _THE_NATLING OPERATION _IN_PSFUDARTHROSES 
The amazingly quick and abundant formation of callus in 
nailed fractur-s and the bridging over of larecr gaps between 
the bone suggested the idea of stabilizing pscudarthroses by a 
neil, Jt was to be hoped that efter the lapse of some time a 
bony bridging over of the defect along the nail would take place, 
In the case of a plain pseudarthrosis, however, with joint planes 
and joint cartilage a herling could not be expeeted even by the 
use of this new method, A bony transformation of broad tissue 
bridges was not to be regarded as boing absolutely impossible, 
Experiments made for this purpose w-r unsuccessful, Therefore 
in the treatment of pseudarthrosis, even when using the marrow 
mail, one cannot avoid the necessity of creating a fracture arna, 
The pseudarthrosis must be resected to that one fresh bone end 
comes to ‘tand upon the other, In this case bone substance should 
be removed very conservatively, in order to prevent unnecessary 
short-ning. It is recommended to open the pseudarthrosis sharp- 
ly or bluntly and to remove only enough of th- bone on’s with 
"Luer's rongeurs" until fresh bon-> is -xposed. Sometimes a wide- 
ning of the marrow cavity at the bone ends mry b- necessary. If 
a shortcning of the bone is to be prevented an att>myot to split, 
to saw or to drill the bone with the Beck apparatus will be justi- 
feeaq, Ihe tcehnique of the nailing is the same 2s usual, With 
the excention of the thigh it will always be advisable to intro- 
duce the nail sercutaneously befor- the old frreture is exv.osed, 
lest the bone wound which is apt to becore infected be kept open 
unnecessarily long, After a sufficient proparati-n of the bone 
ends the nail is then inserted under direct visual control, 


Strictly speaking osteotomy is the surgical cutting of a 
bone, It ist most often done in the case of badly healed bone 
fractures, The correction b’ operation of an inborn abnormal 
curvature of of one accuired by a disease of the bone belongs 
Sere as wll, With the nailing opercti-n of fresh bone fracte 
ures astonishingly great successes were achieved, A large pro- 

| portion of osteotomies especially in the leg is made possible 

» only by marrow nailing. At any rate the indication for an oper- 
' ation may be given in many cases in which one heretofore rather 
desisted from an operation b-cause of the uncertainty of success 
and the disadvantages to be expected, such as a stiffenine of the 
neighhouring joints. The reason for a very cautious indication 
is the fact that the forces causing latcral displacement which act 
upon the bone ends are very great after an osteotomy. The 
muscles will become unbalanced aftor an ostcotomy e. *. in the 
Beme of a curvature of the thigh bone several years old, if the 
feacture has not healéd well, The traction and or-s:ure exercis= 
ed by the transverse section of the muscles (agonists ind anta- 
gonists) amount to several hundred kilo¢reams even in tn case of 
Mm teesh fracture, The way in which th bone is affected is dc» 
fined as angulation by the technician, ‘t appears as an anguleticy 
of the fracturc sitc. If one of tho muscle groups is stronger, 
which hapvens very often with such osteotomies, this angulation 
will occur much more easily, It could not be prevented with the 
contrivances previously at our disposal srch as ivory bolts, 
Lanc'ts plates, wiring, plaster cast or extension, The stcel nail 
alone, which is inserted into the marrow cavity, has sufficient 
mechanical stability. 
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There are five further reasons why vith osteotomies frocture 
ends are better secured by the nail than by all other methods, 
Firstly, the procedure is techincally much simpler, Secondly 
the danger of an infection is much less, beeause the skin in- 
cision can be much smaller than with the application of Lane's 


plates on two sides of the bone, In th- third place, the perios- 
teum need not be removed from the bone, because this is not 
reauired for the insertion of the nail. Thus it is possible 


te avoid the principle of LANGFNBECK with its subperiostcal 
eper.tion in the case of an ost-osynthesis. This is most im- 
portant for the formation of callus to which the periosteum lar- 
gely contributes, Besides this, the periosteum provides the 
chief blood supply for the outcr bone compact lay r, A removal 
of the periosteum therefore means, without doubt, a serious dis- 
advantage to the blood supnly and by this to the defehsive forecs 
eeeinet infection. “11 this.certrinly is sa reason for the easy 
infection of osteotomies, Lastly the removal of the periostoum 
brings a»vovt an enlarging of the wounds which avrin means an ine 
crease of the danger of an infection, In the fourth olace for- 
eign bodies attached to the fracture site meay casily result in 

a derzlyed formation of callus, whereas the nail lying in the 
marrow cavity will certainly not retgrd the formation of young 
bone tissue, In the fifth and last glace there arises the fear 
of a renewed injury to the a ae and the joints, caused by the 
necessary prolonged rest of the limb in the plaster cast, 


Osteotomiecs with mar’ ow nailing may be mace in case of 


: Bone frictures healed in a faulty position. ‘these are 
above all shortening, angulation and even after the introduction 
of marrow nailing, also rotation, 


Ze Inborn abnormal curv2tures of th~ long bone shafts 
(not azquired by bone fracture), espec. knock-kneed legs and 
bandy legs, 


36 Lengthening of bone shafts delayed in their growth, 


A Shortening of the bone f, i, to arehieve a suture 
(BOFHLER) of nerves and vessels, or, in rare cases, the eauali- 
zation of the sound and the diseased side, which may have 
been shortened f, i. by a compouhd fracture, and on which a 
lengthening osteotomy cannot be made (BAUER R), 


- Resection of bone tumors, 


The ingeévtion of a nail into the marrow enavity is much 
easicr with an osteotomy than with a percutaneous nailing, In 
this the marrow cavity is opened up and the insertion is made 
mnder the control of the eye, Often the. marrow cavity may be 
Open already. If not, this can easily be done with the awl, 
gouge or drill, because its elosuré is comparctively soft, “Ta th 
the leg, the forearm and the arm above the elbow the neil is 
inserted at spots distant from the fracture 2s in percutaneous 
meraineg, The nail tip is visible in the depth of the wound in 
the marrow cavity of one of the bone shafts, It is then insert- 
ed into the marrow cavity of the other fracture, whereupon the 
nail can be driven home, By this the osteosynthesis is complet- 
ed, At the thigh thc side position may be recommended, the 
patient lyingupon the sound ler. In genernl the skin incision 
Will be on the outside which allows easy access to the bone with- 
out endangering larger vessels, In the opened marrow cavity of 
the proximal piece a guide rod is inserted and is pushed to the 
tov of the trochanter where it easily and with a sudden move- 
ment penetrates the compacta which is very thin here, Its tip 


F can be felt under the skin of the buttock, This tip 
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is exposed by cc short .. 
ekin ineision (111, so}, 
The nail is then slipped 
upon the guide rod and 

+8 GPiven: in, until 1% 
extends out of the marroz 
cavity of the proximal 
fragment for $ centimeter, 
Usually it is easily poss- 
ible to put the bone 
fragments of the thigh 
together and to drive 
the nail into the distal 
marrow cavity, If, how-« 
ever, a shortening caus 
by an old, badly hesalcd 
fracture has existed nan: 
years, especially with 
robust men it will not be possible to equalize'the shortening 
even with the extension apparatus and with the strongest tracte 
ion forces, In most cases the thighS stand in a owed vosition, 
After severing the bones at the old frieture site it will not 

be difficult to put the fragments together so thit they form an 
angle, The point of the angle is directed outwards i.e. out of 
the wound, An assistant ; ; 

presses this point in- 
wards with great force, 
until the straight po- 
sition of the osteoto- 

my site is achieved 

{f11, 81), The moment 
the angulation is over- 


P| 


come the nail must be 
driven in, It must \ 
never be done before this 
has been achieved in the 
hope that the nail would 
achieve the reouired 
straightening of the bo- 
ne by penetrating into Titustr. Qt 

the distal marrow cavie 

avs te Cannot do that, 

The inevitable result would be th- breaking out of large frag- 
ments of the cortex of the distal fragment, A further tech- 
nical trick must be employed in those ostcrotomies which are lo- 
cated far proximally (at about the height of the trochanter 
minor). Here, it will be -dvisable not to sever the bone com- 
pletely at once but cnly to open no the marrow cavity. A part 

of the medial wall is kept untouched temporarily. ‘hen a small 
guide rod is inserted into the opened up marrow cavity and the 
nail.is iaserted in th- way described, In the case of a2 con- 
plete severing of the bone at that place the proximal fragment 

is at once most strongly abducted and bent, because the correse 
ponding muscle groups preponderctc. By this the insertion of 

the nail becomes somewhat difficult beczuse one hardly evor 

has sufficient power, even with the guide rod, to correct the 
position :f the piece. The intervention ‘ill be rendered casier 
by inserting a second nail into the marrow cavity of the vroxim- 
al fragment for a short time, Thus one has an excel” ent handle 
for the correction of the position until th- nail has been inscrt- 
ed to the reauired depth, The periosterm must be tandled as 
gently as possible, In, gencral it is possible to get at the 
place of the fracture or of the intended ostcotomy by vushing 
aside the muscles. It must be admitted, however, that by doing 
so the wound can be examined less eacily than when the veriostcum 
has been removed more extensively, and that by this the operation 


~64 » 


is made somewhat mor-~ difficult, The severing of two fr-gments 
will, however, be possible in the case of a thigh fracture heal- 
ed in a faulty position by the leverage of a very strong ras« 
paratory placczd between the fragments, Afterwards the fracture 
planes must only be smoothed a little so as to fit well one 

upen the other, Besides that the opening up of the marrow 
cavity, as described ahove must be made. The jagged edges and 
orojections of the surplus callus and the callus bridge must not 
be touched, in order to avoid injuries to the periosteum and un» 
necessary damage to tissu>, They are valuable building material 
near the bone fracture, 


If the badly healed fracture is several years old it will 
be necessary to use a chisel and a saw, In this ease too only 
the two planes fitting one 
upon the other will be pre- 
pared, This will be achieved 
in the ensiest way with the 
circul:r saw which must be 
held with the two hands, The 
position of the severing iplane. 
depends on the position and 
the shape of the former freact- 
ure planes, 


In the ¢ase of a transa 
verse fracture the two saw 
planes must stand vertical 
to the axis of the boné share? 
at the lower end of the upper 
fragment and at the upper end 
of the lowcr fragment so that 
} after the ins-rtion of the 

, nails the ends fit together 
as well as possible, (ri1i 82), In the same way oblique saw 
planes are made with what were originally oblicue fractures, 
saw planes go through the intact periosteum at the site of the 
former fracture so that the cillus caps formed at the fracture 
site are sawed ihtd, They form a broad support at the point of 
contact which contributes to a spredy and scevure healing. The 

planes must not be t6o high or too low in order to prefent the 
Dect akca leg from becomittg shortcr or longer than tho other 

one. It is to be observed that a part of the bone cortex is te- 
absorbed, so that a little defect remains after the osteosynthes= 
is. These saw planes usually open up the marrow cavity, In 

any case it will be easy to do so from there, 
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After the saw planes have been made the severing of the 
two fragments is completed by strokes with th- large chisel, 
exactly in the direction of the former corpacta borers bet- 
ween the fragments, In this way it will soon be »vossibdle to 
sever the two fragments by leverage, The nailing operation is 
done in the usual way (I11, 33), Here also the surecon must 
see to it that no lateral or medial rotation of the distal frag- 
ment is possible 


An estcotomy advisable because of marked angulation at 
the old fracture site will be performed much more easily, as 
after the sawing off of the fracture ends only a correction of 
the agis will be necessary, 


A rotation osteotomy which formerly was a rare occurrence 
will to-day, after the introduction of marrow nailing, however, 


be revicred the more frecuently the larger the number of surgeons 


who perform nailin’ operations without devoting tha» care to the 
after treatment which is so urgently reruired, So it will 
hapven again and again that a faulty rotary position is observed 
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enly aftor £t has become impossible to correct it during the 
"ether rausch", 


The operation is not difficult to perforr, First of all 
it must be ascertained by how many cegress the lee has turned, 
In the case of a leg bent at a right angle and slichtly ent 
hip both the hip: joints are brought to 1 maximal innor rot.tion, 
The difference between the respective position of the lee is a 
sufficient indication for the number of derrees by which the 
rotation osteotomy must be made, In many enses it will be ad- 
visable not to perform the osteotomy at the old freeture site, 
It will be better to choose the place which proves to be most 
BeewevLe for Hailing, i.e, if possible in the mid@le of the 
bone, In addition to this a notching of th- osteotomy spot must 
be made, in order to rvoid further rotary displacements without 
|eing a plaster cast. First the nail must be loosened «a little 
with some hammer strokes, After that the bone is severed ex~ 
cept the bone bridge by the Gigli-saw (in case of an insorted 
nail), which must be left intact if the blades of the saw are 
guided in a parallel direction during the sawing process, After 
that two kerfs must be made in the bone bridge with the circular 
saw se that a tenon is left stnnding either on the upveor or the 
lower fragment, The remaining small bone ridges are severed 
a fine chisel, 


wit 


For the bone tenon at the one 
must be mace in the other one, To 
be withdrawn from the place of the 


Circula: saw, 


fragment a corresponding hole 
achieve this the nail should 


osteotomy so th2it with a corrsc 
ponding bending the bone end is kept well 


accessible for the 


The only thing left to do then is the necessary 


turning of the fragments and the reinsertion of the nail (I1l, 8 
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Notchine is safer than the selection of 
a new and thicker nail, For one thing the 
datter may jam in the callus of tho fracture 
and in the second place this nail, even if 
it fits in well, may loosen 2 couple of days 
later, because the planes of the ostcotomy 
are cuite smooth and not notched, 


In the case of a congenit2l bending of 
the long bone shafts, not acouired by 2 bono 
fracture, the marrow nail operation can be 
applied only in comparatively fow cases, ‘It 
is the principle of the wailin: oper tio: iu. 
self to adjust the form-r shrvxe of the done 
*  B0 to speak antomatice:liv, In the eee 
of a late rachitic bowine of the lee the neil 
must follow the curvature in both fragments 
and must have a correspondinsly strong bend- 
ing at the fracture site, as is shown in 
Tll. 85. Such osteotomies are often ant 
to result ina delayed formation of eccllus, 
obviously due to the jamming cffect of the 
nailj in such ¢dases it ¢annot fulfuil its 
function to serve 4s o gliding splint, bbt 
rostly beeatse under such conditions the 
leg nail must be wtechan ically insuffici ent 
and the fracture has become insufficiently 
fixed, 


Bones with a proportionally small bendine radius i. e, ones 
with bendings which 
are only of small 
extent as is often 
the case with rae 
chitic bandy legs 
may be severed af- 
ter the method of 
HFLFRICH and a 
Straight nail msy 
be applied with 
good result, (KUEN- 
PSCHER), The ro- 
tery correction, 
often necessary 
in such cases may 
be achieved by 
the removal of a 
bone wedge, 


= 


ame, 


me ER; 


— 
ee 


The nail is 
applied with ex- 
cellent result in - 
the case of a Ti 85 
Supracondylar 
osteotomy which must be made in the case of a knock-knced leg 
or a knee contracture (GUFNTZ), Of course a plaster cast is 
absolutely necessary but 2 shifting of the fragments will cer- 
tainly not:occur. The time recuired for the plaster cast may 
be shortened, The technicue of the nailing corresponds here to 
the usual procedure, Nevertheless it must be point-d out once 
again that the bone ends should fit one upon tho other as woll 
as possible, so that their position should determine the axis 
Of the bone. The nail vrevents a lateral displacement, and the 
better the bone ends stand onc upon the other the earlier it will 
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be possible to ree 


move the plaster Ay, 
cast (I11, 86), Ag 
Ale 


The lengthen- 


ing of a bone for ro rl 

2 couple of centi- ae iT FX, 

meters may be done Cs 

even without the S Al 

planned jamming of A 

the nail, Two diff- a 

iculties are to be 7 . Illustr, 86 


evercome in this 

case, first the stretching of the soft parts, secondhy, the 
possibility thit the separated bone ends may approach cach 
other again, 


2% ie impossible to stretch the soft varts of the thiehk 
for four or five centimeters during one setting i.e. within 
ene hour, The technicue of hending at the fracture site, des- 
eribed above in case of fracture shortened dvring the healing, 
SGannot be applied, for, while in the latt-r ense two strong 
bone ends are standing one upon the other, here to weak hone 
shafts are involved, which might become fractured again when 
the weight bearing is toe strong, That is why the stretching 
of the soft parts must be done during the »reriod of a couple of 
days. A nail which allows such a procedure is in preparation, 


The extension osteotomy can be mate with the means presently 
at our disposal, 


ee ee ee re oe et ee ce ee ae te 


La Z-shaped osteotomy at th narrovest part of the narrow 


as Insertion of the nail after it was found suitable be- 
fore the fluoroscopic screen, 


J% Insertion of a V2A-guide rod from the osteotomy spot 
into the proximal fragment (without a cross handle, with a hole 
near the tip). Before the tip of the guide rod penetr-tes the 
skin above the trochanter, the skin must be pulled sideways to a 
great extent, In this way one makes it possible that during the 
second operation one may work a couple of centimeters distant 
from the first incision, 


he Insertion of the guid rod into the marrow cavity of 
the distal bone fragment, 


5s Applying of a supracondylar wire extension, 


Second operation 

6, Nailing 2s soon as the necessary length of the bone 
has been attained. For the nailing the tip of the insertion 
guide rod must be exposed. Then the guide rod must be extract- 
ed with forceps far enough so that it is p:ssible to insrrt a 
wire into its hole, The reduction must be done befor- the “-ray 
sereen, and in such a way that on no account will the nail ite 
pinge on distal bone comvacta, Any forcible reduction must be 
avoided in order to prevent a fracture of the tone ends, 
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7. Removal of the guide rod, 


8 The wire extension may be remo i i 
° 2 g e removed La: y 
little weight (load), . Ce ete 


If a second operation is not vossible for some reason or 
other the healing in extension must be waited for, The guide 
rod (made of V2-stesl) will sccure the right position of th- 
fragments, 


In most cases the indicxrtion will be given for a suture 
of a nerve, in fewer cases for a suture of an artery. One 
will decide on shortening a sound leg only if the nérmal length 
of the sound leg cannot be achieved in any way, or, if an ex- 
centionally tall patient assents voluntarily and readily to 
the shortening. The incision should be mede in an obliaue di« 
rection (GUENTZ), in order to achieve favorable conditions for 
the healing (see general chapter), 


As an example of a rather rere case of an indication the 
‘ above illustration of a forearm may be shown (Ill, 87); 


After the resection of a correspondingly eee 
lang bone segment the osteotomy wound must be 
treated with the marrow nail as usual, In 
order to prevent a subsequent giving wry 
of the bone ends (drm above the elbow and 
forerrm) one must try to achieve an ideal 
nailing, This is comparatively ensy, as 
in geneorrzl the place for the osteotomy 
m-y be put :t the spot most favorable for 
the nailing, | | 


After the resection of bone tumors 
the nailing is to be done in much the 
same way as usual, 


29.2 IH! NAILING OF A_SPONTAN*®OUS FRACTURE 


SS A ST ES SY NE OD A NS EE GR NO OD OO OA A RY AD 


Spont-neous fractures must be given 
special consideration in connection with Tliuetr, 87 
the nailing operation, In most cases they 
are fractures of werk bones, enfeebled by tumor metastasis, in 
rare enses by osteoporosis or other factors, Curicusly enough 
the tumor metastasis is to be found chiefly in the upver third 
of the thigh, i.e. at a favorable spot, In aennection with the 
nailing it must be trken 2£4to consideration that in general the 
nail is meant to provide a sufficient stabilization for the rest 
of the »rtients life, because these fractures do not show a ten- 
dency (or only very little) to herling oven after X-ray treat- 
ment, In the second place chiefly xtrophic bones with a very 
thin compacta and correspondingly large marrow cxvities aro cone 
cerned so that customary sizes of nsils can be used only seldon, 
In the third place the bone is comparatively soft, and in the 
fourth and last place the nail is exposed to little bending force, 
as the patients sre usually elderly and frail persons, 


The facts given above make it advisable to us- a special nail, 


As the nail need not be particularly vrodf against bend: neg 
the shcet metal may be somewhat thinner and the elasticity of its 


a 
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cross section can be all the greater, tts hat-shaped cross-— 
Section erants to it not only the recuired elaéticity but has the 
further advantage that the nail touches the bone wall only with 
its three narrow longitudinal plancs, its three edecs, During 

the first few wecks the bone yields to the pressure of the noil, 
Because of its elasticity the nail formes grooves wh:ch permit 

it to attain its former shape and so become loose, These grooves 
are deep enough to prevent a lateral dispalcement of the fragments 
with certainty. 


7 Fven a patient who cannot hope for a bony healing of his 
fracture will be able to walk with his bones in splints without 
any additional protective casts, 


For the rest, the technique of the nailing does not differ 
from the usual method (I11i4 88}, In addition only the softness 
of the bones must be taken into consideration, especially when 
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inserting the nail into the distal fragment, The axis of this 
fragment must be put into the right vosition from outside and | 
the adjustment must not be left to the penetrating nail, as may 
be done safely with solid bones, 


With bone tumors tissue substances are frequently eiected 
with the marrow juice which rende’s possible a reliable tumor 
diagnosis, because they are suitable for a histological examin- 


ation. 


20. 2HE_Y-NAIL 
The pertrechanteric fracture demands a special treatment 
with the nail. It is a fracture which does not offer anv diffi- 
culties with regard to reduction and fixation. Nevertheless it 
often causes a coxa vara position, It does, however, not show 
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a tendency to a delayed formation ef callus or pseudarthrosis, 
Moreover in nailing the special advantage of the new method i.e. 
that the fracture site is left untouched, is neutralized in 

that case, As the fracture must be exposed, occasional infect- 
ion of the operation wound will in most cases result ina suppur- 
ation of the fracture site, Nevertheless, the applying of the 
Y-shaped nail represents a sreat progress - it prevents a long 
confinement to bed and facilitates the nursing. The stability 

of the Y-shaped nail is so great in comparison with the nail- 

ing of the neck of the femur that the patient may get up a corple 
of days after the operation, 


From what has been said before the indicition is obvious, 
All those patients should be nailed who are endancered by a long 
confinement.to bed, and the danger of an infection must be accept- 
ed, The advantages and disadvantages of this method must be 
explained to patients not helonging to this croup, so that they 
may decide themselves whether the operation should be verformed 
or not, 


The method of inserting the nail depends on the shape of 
the fracture, It will be advisable to obtain an exact knowledge 
of the fracture lines before the operation, It must be admitted 
that in many cases this may not be easy, Frecuently it will be 
possible to get the necessary clearness only by X-ray pictures 
made before the operation in the extension of the fracture, The 
fragments wedged together before are then detached, and it is 
easier to make out the fracture lines, : 


The fracturesof the trochanter major and its immediate 
neighbourhood may be suitably divided into six groups for the 
mailing (A, W, FISCHER and MAATZ) (I11, 89) 
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Group I, the subtrochanteric fracture is secur-d sufficient- 
ly by a conical nail, 


The other groups sheuld be treated with the Y-nail, The 
shapes of the fragments are very important for the indications 
and the techniacue of the operation, 


The operation is very simple in its principal features, 
The marrow nail must be inserted into the femur to the supposed 
correct depth. The corticalis must be pierced 8 centimeters be-, 
low the nail head end, and the transverse nail must be introduced 
a little into the slit of the marrow nail, The X-ray pictures 
to be taken then show the fracture reduction probably necessary 
and the correction of the height and rotation movement still re- 
ouired, (Ill, 90). This 
can be done very accura- 
tely, because the shift- A 
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' ing of the marrow nail 

' in an upward direction f 

® to the corticalis drill , 

' hole which must be wide- fj tee 
' ned to the corresvonding UNS 

side, is executed with 

the chisel or rongeur, 


| 
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After that the marrow nail’ 

(with the transverse nail in- 

serted) can be turned to the 

reouired angle in the marrow Las - 
cavity, Further control X-ray , yee 
pictures must then show that WY) 
the transverse nail points to ry. 
the middle of the neck of the 
femur in both its planes, “This 
means that it must not be seen 
in the second plane, because = 
it is covered completely by the Thu 4 
marrow nail (I11lj 91), | 


This techhicue trecuires a wide opening of the fracture sitea. 
For some patients thetvbty large operation wound will cause a 
most injurious wound shoék and it will, as is to be expected, be 
in great danger of becoming infected, 


Therefore it was necessary to construct a special insertion 
apparatus which makes it possible to insert Y-nails per¢eutane- 
ously (MAATZ), After it has been tested sufficiently, the nail- 
ing of pertrochanteric fractures with it can be strongly recon- 
mended, Injurious effects on the wound were more rarely observe 
ed and the wound shock is not greater than with the other methods 
ef marrow nailing, Nevertheless, a very strict indication is to 
be recommended, i, e. in the beginning only patients of group 
II should be nailed (to whom a long confinement to bed would prov 
dangerous), The number of persons which can be subjected to this 
operation will afterwards increase cauickly, 


The principle of the inse~tion apnaratus is very sinple, 
It serves merely to introduce the transverse nail percutaneous= 
ly into the slit of the marrow nail, It is easy to understand 
that the surgeon will at first feel somewhat uneasy on. seeing 
the different drills and handles belonging to the insertion 
apparatus. They are, however, recvired and the surgeon will 
be fully compensated for all his trouble the moment the trans- 
verse nail disappears in the lateral slit in the skin, and 
makes its way safely through the slit in the marrow nail into 
the femur neck and head, 


‘Deseription_ of the insertion apparatus (I1]. 92) 


The clamp (A) must be put on the head of the marrow nail 
with the dovetail (B) in place. It is then fastened with the 
screw pin (C) which enters the hole of the nail, The nail and 
the screw must fit tightly. If, however, a single Y-naill is not 
sufficiently tight the cam (D) may be raised a little by any 
mechanism with a layer of metal and, if necessary, this may be 
removed again, Into the hele (F) a heok can be inserted and 
the nail extracted as reovuired in each individual case, 


The tube (G) fixed in the tube holder (F) by a screw ser- 
ves as a guide for the drills and cutters, 


The axis of the tube is 2,5 millimeters below the middle of 
the slit of the marrow nail,.. This variation is allowed 5ecause - 
the drill or cutter touching the corticalis oblicuely is forced 
upwards for about 1,5 millimeter even when penetrating slowly, 
and a further millimeter is allowed for any further ceviation 


zit, 93). 
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A transverse nail 
touching the marrow 
nail too far dists 
ally will invariabi, 
wander upwards i,je, 
Lvto the 82155 k 
transverse nail in- 
serted too far prox- 
imally will jam and 
force the marrow nail 
upwards, so that the 
previous result of 
the operation will 
be frustrated, As 
a further protect- 
ive measure the trars 
verse nail is round 
shaped at its uvper 
: me leading edge, If, 
; however, this nail 
os should eatech on the 
edge of the marrow 
nail its oblique 
part must be ine 
creased with a file, 


7 


It is necessary that the operating surzeon should know 
that the axis of the tubes: is fixed in the 
above described way «s he must ascertain c 


each time before inserting the nail whether p ; 
the insertion apparatus is straight or not, N \ 
Otherwise he may try to correct this inten- IN| 

tional deviation in position, . 

The tube (F) extends to the certicalis, N 
Nevertheless the first hole must be made in Sie 
the corticalis with a short thick cutter in Fes 8 
order to prevent a slipving upwards, After ox 
that the rod with a cutting edge (J), which ' Ges 
tapers towards the tip, is introduced, In Ki ae a 
order to get a better view of the ¢nntrol ~S 
picture it is made so leng that it can pene- 
trate the head of the femur, Ti 2 


The final drill hole in the corticalis is made with the 
large cutter (K) and it must be remeved again when no longer necd- 
ed, since the cutter holder must be introduced from outside 
owing to lack of space, The cutter is made of such length that 
damage cannot be caused by the nail and the cutter coming into 
contact, 


A small bone edge is of necessity left standing for the 
time being at the upper edge of the bored hole, which must 
be penetrated by the transverse nail (I1l, 94). The transverse 
nail may be inserted easily and this: 
bone edge is not of any disadvantice, 


4 i Meee : 

4 since the nail is pressed downward by 

Y at, ty, Ah a Tavorable dircetion, Tihs 
4 surgeon must, however, ‘tnor that ‘vring 


Tu.Ay KS the insertion a certain r-sistance must 
i \ be overcome, If it 36 very strong 20 
NK -& will be better to extract the nail againg 
a SS If a favlty contact with the upocor cnd 
a : of the slit in the marrow nail occurs 
this may be observed by a2 deformation 
of the upper edge of the transverse aail, 
Any, deformation must be removed accorde 


ingly. 
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The transvwers: neil or ail #or the neck of the femur (L) 
must be inserted into the slit of the elastic fork (M), It fits 
well into the tube holder (F) the tube of which has been ree 
moved, and in this way the proper guidance of the nail is 
achieved, It should be inserted with light hammer strokes, 

The nail must then extend out of the corticalis as far as 
the length of the notch in the nail holder (M), 


All cuttors -* connected with the drill rod by an 
inserted piece (N/ so that the connection with the shaft is 
possible by simply putting them on during the freovent changes, 


After a sufficient knowledge of the apparatus the nail- 
ing is easy to describe: 


p ee The patient is put on the table in a supine position 
as usual for nailing the neck of the femur, The injured lege must 
be left free. It must be brought to a maximal flexion, ahtuct} 
ion and inner rotation, in order to achieve the insertion of 
the guide rod and the marrow nail, If the patient is pushed 
towards the edge of the table as far as possible the ruide 
rod can easily be inserted percutaneously into the marrow 
Cavity obliouely fror below , As soon as the nail has reache 
ed the marrow cavity the guide red can be reroved, because 
it is nob required any more, or, rathcr, it must be removed 
because the head end of the marrow nail leaves no room for it. 
Before the disappearance of the nail head end under the skin 
the clamp is put on, The nail is then inserted in such 2 way 
that 2 centimeters of, it stand out of the bone, It is very 
important that the nail should hav- tho right position from 
the very first. One has to go by the position of the kncoe-cap 
which indicates the frontal plane of the let, The plane of 
the clamp must be 30° pesteriorly fro the frontal plane, be- 
cause the neck of the femur points frontwards to the same de- 
gerce, (I11, 95) 


Rie The positien of the patient is the same as with the 
femur neck nailing, 


ae Final closure, 


hie Fixing of the tube which indicates the direction of 
the incision, The tube can then be inserted, 


oe The small corticalis drill hole is mae with the short 
thick cutter (H). Push it in slowly in order to avoid too 
Streng a doviation in the upward diroction, 


6, Insertion of the rod with cutter tip (J). 


Te X-ray pictures in two planes for the control of the 
location of the fracture and the position of the sound with 
Outting tip, (111, 96) . 


s, Make all the necessary corrections. First of all 
the rod with cutting tip must be removed, then the necessary . 
correction of the Ge.etnre site must be nade ,. then the correct-= 
ion of the height and.rotation must be made accordingly, .. After 
that one can decide whether the tube must be removed or not. 
and a new hole in *he skin made, or, whether the clasticity of 
the soft parts makes *the shifting of. it possible, If corrections 
are.. pecesbary the following procedure.is reauireds: 


pe 6 


-— - 
/ | 
| 
an 


9. <A new opening is made with a gimlet and the rod with 
a cutter is inserted under X-ray control in two planes, 


10, If the sound wire indicates that the direction of the 
tube leads through the middle of the nec of the femur and its 
head, the corticalis drill hole must be made with the larce cut- 
ter, 


ll, Removal of the cutter and tube, 


12. Insertion of the nail held in the nail carrier with 
light hammer strokes, 


j 

q 13, Xeray control, 

14. Removal of the clamp and clesing of the wound, 

The short skin incisions may be closed with two stich sutures. 


Objections raised at first against the use of the cutter 
witheut adeouat- protection of the surrounding soft parts were 
disproved by the experiences during the operations, "ven the 
large cutter is cuickly covered with soft particles torn from 
the surrounding soft parts, so that serious wound necrosis will 
not occur and practice has shown that the wounds will heal most 
Satisfactorily. 


If in the beginning the surgeon is not ovite certain how 
far the marrow nail is to be driven in and in which position 
the use of the sound (just as with the nailing of the nec!: of 
the femur) will be helpful, This must be ins-rted at the 
Supposedly right place in the supvosedly right direction, By i- 
ray control the necessary corrections are in“icated which must 
be mace durinz the later insertion of the marrow nail, The 
position of the clamp must be in accordance with the vosition of 
the sound , 


£& Wil’ not be difficult to nail groupa I, Il and IV with 
the technicoue described abov-. Greater difficulties are to be 
encountered with groups III, Va and Vb especially concerning the 
™ reduction if the axis of the neck of the femur cannot be directed 
towards the middle of the marrow cavity. But this fracture too 
Ccannet be nailed without reduction, 
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Besides this is must be considered that a normal nail must 
be insufficient, These nails are short and conically shaped, 
They provide insufficient protection against rotation as the 
friction between the marrow nail and the bone is not strong 
enough, This m-ans that fractures of the groups III, Va and Vb 
are not protected against rotation for the far end of the trans- 
verse nail is situated either in:the fracture slit, so that it 
foes not find a sufficient hold to prevent a rotation, or the 
second fracture line lies even farther distally, 


In such cases therefore marrow nails must be used which 
are made to measure (up ta a thickness of 18 millimeters) ahd 
which secure sufficient friction betwern the nail and the bone, 


It stands to reason that the insertion will be somewhat 
difficult due to displacement of the fracture dy stroks with a. 
hammer, especially if corrections aro to be mace, and morrover, 
there is the difficulty of achieving better position of the nail, 
Since the nail can be turned only after it has heen almest 
entirely removed. Therefore, the greatest care must be taken 
in these cases that the nail gets its right position in the distal 
fragment at first. At the same time the position of the knee can 
must be considered, Slight rotation faults can then be correct-= 
ed by turning the nail with the distal fragment, 


Patients treated with the Y-nail may get up as soon as 
their general condition and the wound pain makes it nossible, 
The fragments are well stabilized, 


The nail can be removed after the lapse of three to four 
months, For this purpose only slight skin incisionsare recuired, 
The patient lies on the sound side, When removing the nail of 
the neck of the femur the leg must be rotated invards by avout 
3@ degrees if the operation starts at the old wound, 


This larg- nail too may safely be left in the bone, cspecially 
if the patients are clderly who do not want to undergo another 
operation, Patients who were operated on three years ago have so 
far net suffered any injurious effect caused by this large metal- 
lic foreign body. 


21. THF _SUPRACONDYLAR_T-FRACTURE 


As 2 reduction and fixation of this most complicated kind 
of fracture is frecuently not possitle without an operation, and 
as any exposure is dango-ovs to the knee joint and the leg, it 
seemedto be advisable to utilize the advantaves of marrow naile 
ing with these fractures, The nail alone, however, will not 
suffice, since it is sure to push aside the condyles anc to pene= 
trate into the knee joint, i.e. by itself it always will aggra- 
vate the situation, 


The shattered condyles must be connected with each other 
by a transverse wire and the tip of the marrow nail must be 
united with this transverse nail, to prevent a slipping back of 
the short fragment. It would be of very great advantage:if the 
transverse nail could be inserted into a hole in the nail tip, 
directing the drill according to the X-ray indications, Cir-~ 
cumstances, however, make it impossible for the time being to 
ebtain that apnaratus which is indeed not difficult to construct, 


Se at praesent we must try to get along with the following metnod, 
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wae Insertion of a transverse wire and attaching of a Beek 
tension clamp. The wire should be rather nenr to the fracture 


site, in otder to diminish the danger that the marrow nail may 
miss it, 


Re Insertion of a marrow nail, which must have a wedge- 
‘haped notch at its tip, is done in the usual way, Its exact 
length should be ascertained with special care, 


> In general the reduction of the fracture is possible 
only by using strong forces, The estension wire with clamp which 
lies in the lower fragment, and a traction strap 6n the upper 
fragment serve as handles, The required amount of traction, must 
be carefully judged, for putting th- nail uvon the transverse 
wire can be furnished only by a block-and-tackle, 


The operation is rendered more difficult by the fact that 
one cannot obtain an unobstructed view (the tension clamp ob- 
structs the view). Nevertheless it is worth while trvine it, 


During the first six to seven weeks it will be advisablo acec: 4 

to the position of the fracture and the formation of callus - 

to apply a slight additional extension to the leg (Tubd-rosits 
tibiae or Calcaneus), for it must be borne in mind that a come 
pound fracture is concerned, and that the muscular forces act- 
ing upon the fragments (Muscles of the leg and the thigh) are 
very great. The leg must be put on a Braun splint, After the 
removal of the nail and the transverse wire a plaster cast must 
be applied to prevent new displacement of the frogments, 


In the beginning special attention must be paid to the in- 
sertion site of the transverse nail, As the final position of 
the stretched wire is different from the one during the insert~- 
ion, corresponding relieving incisions are recommended, in order 
to prevent the wire from cutting through th- skin and perhaps 
causing an infection, 


22, ATYPICAL NAILINGS 
Atypical nailing may be necessary if the broken bone shows 
patholegical curvatures or if a neighbouring joint shows a stiffe. 
ing or a contr2ction, There are many possibilities, some of 
which may be mentioned here: 


Le Transverse fracture of the leg immediately below the 
knee-joint which is stiffened at 135°, The straight nail 
| was inserted into the tibia from the midcle of the femur 
» passing through the xnee-joint, A correction of the curvature 
b of the axis to 160° was achieved, The patient, a woman, was 
» able to walk three weeks later without any inconv-nicnee (11-35 ° 3% 


a. A sixteen-year old patient with 1. stiff strongly ro- 
curved knee-joint was subjected to osteotomy, It was performed 
immediately above the knee-joint and stabilized in the thigh 
bone with a marrow nail 60 centimeters long, inserted percutancous- 
ly at the trochanter, and extending to the middle of the tibia . 
The patient was able to get up with a straight leg a fortnight 
Zecery «¢ 
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oe A subtro- 
chanteric fracture 
combined with a stiff 
hip-joint can be noil- 
ed in the usual way, 
As regards the position 
of the leg it must be 
taken into consideratior 
that in this case the 
distal fragment must 
correspond to the po- 
Sition of the. proximal 
fragment, i.e, the ler 
must be extended in t*e 
corresponding position. 
As regarcs the after-~ 
treatment it must be 
taken into:-consiceratic 
that the forces which 
have the tendency to 
displace the fragments 
are unusually strong, 
since the hip-joint 
eannot giv> tray, The 
fore a confinement to 
bed for at least 465 
weeks will be necessar 
During the firet few 
weeks a comfortable po. 
sition of the patient 
must be achieved and renewed traumas must be orcevented, since the 
leg is a large lever which has the power to bend the nail or 
even cause a piercing of the trochanter by the nail, 
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Tiinsetr, 97 


he A pseudarthrosis of the arm above the elbow combined 

f with a stiffened elbow joint can be treated with a straight thigh 
nail (here 10 millimeter), as it may pass through the joint. In 

this way the disadvantage of the long arm of the lever is neutral- 


ized which renders healing so cifficult in such cases, 


5S, Oblioue fracture of the leg at the border between the 
middle and the lower third 
in the case of a very nar- 
row cavity (diameter 6 
millimeters), As the turn 
spread nail is insufficient i 
and asa nail with inclined wu 
plane (diameter 6 millime- \ | 
ters) may break easily, a 
conical nail can be insert-= 
ed from the inner aspect of 
the bone, Thus the nail has 
a diameter of 9 millimetcrs 
at the frasture site (I1l, , 
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6. Another poss- 
ibility to apply the rar- 
row nail is to be found in 
the transplantation of bon- 
es. iIn the case shown here 
™ the proximal end of the ulna i 
_ was resected because of a ie: 
' relapse of osteitis fibrosa, A) 
' Two months later the pro- 

- jecting end of the radtus 
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was divided and the middle piece having become detached in this 
way was transplanted upon the end of the ulna, The bones were 
Stabilized with marrow nails, 


Three weeks later the radius osteotomy wound was well 
he.led and the transplanted pirt was well covered with callus, 
Nothing can be said yet about the further development. 


a An artificial ankylosis was first tried three times 
with a long nail. One of the patients, a tabetic, though sum- 
moned several times did not show up for the after-treatment, 
Owing to the peculiarity of the disease his stat-rent that he 
had no trouble at all is not to be regarded 2s positive proof 
of a bony healing. ‘the second patient, a women died one yoar 
after the operation, before the aftcr-treatment hac started, while 
the third patient did not show any bony henling. The noil which 
is 60 centimeters long and must be imscrted p reutanecously at 
the trochantecr haa indeed a great stability, which howevor,is 
prohably not sufficient to neutralize all forees tending to cause 
a lateral displacement at the bone ends, since 
the places at the bones of the leg and the f 
thigh which hold the nail firmly are 25 cen- 
timeters apart. Along that stretch the sta-= 
bilization of the extremity depends entirely 
on the stability of the nail, Every movement 
in the nail and every bending motion of tho 
nail must result in a bending movement at the 
bone ends, in most cases it must even lead to 
a lateral displacement as cach tipping over 
would cause a lengthening of the extremity, 
All the muscles, and the 
weight of the body, however, 
constantly counteract this 
lengthening so that there 
is no other possibility 
than fer the fragments te 
evade this by a movement 
resulting in a lateral dis- 
placement. These mov-ments 
will be the stronger the 
more distant the points a 
and b are from each other 
(I11, 99). Therefare the 
proper thing is to make a 
V-shaped resection. The 
bone ends will then be firm- 
ly pressed together just Tit 44 
as with an obliaue fract- 
ure, and any movements 
leading to a lateral displacement will be im- 
possible, (111. 10@) 
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8, If a bone has a second fracture and 
| fa in the case of a refracture we have to deal 
| with a special kind of nailing operation, In 
that case it must be borne in mind that after 
the removal of the nail. near the eld fracture 
site the sarrew cavity has become rather 
narrow bv the formation of marrow callus, Unfortunately we have 
therfore to choose 2 thinner nail than in the first nailing, 
Otherwise the nail would get stuck at the old fracture site , I% 
will be more advisable to fit the nail tip with 1. few jagged 
teeth so that it may create for itself a new bed in the callus, 


96 In a single case, at the reauest 
of a patient, we vrophylactically stabil- 
ized a thigh bone with the marrow nail in 
the presence of a subtrochantcric metastas= 
is from a breast carcenoma (I11; 101). 
Three months later the metastasis could not 
be observed any more, so that we ¢ould re- 
move the nail again, 


10, The sudtrochanteric osteotomy 
is performed most successful with a strong- 
ly curved thigh nail, 


By the elastic transform=tion in its 
longitudinal ptofile the nail is fixed 
firmly, so that an additional plaster cast 
is not recuired, 
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